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ABSTRACT^ OF HISTORY OF THE MICHIGAN ACADEMY 

OF SCIENCE. 



The movement which finally resulted in the organization of The Mich- 
igan Academy of Science was first started in 1892. In response to a feel- 
ing that it was desirable to effect an organization of the men interested 
in the work in natural science in the State of Michigan, a circular letter 
was sent to a considerable number of men believed to be interested, 
asking for their opinions in regard to the organization of a State Society 
of Naturalists, the scope of the work, and the character of the me)n- 
bership. This letter was sent out by Prof. J. E. Reighard, of the Uni- 
versity of Michigan, and was also signed by Profs. V. M. Spalding, W. 
H. Howell and J. B. Steere, of the same institution, all interested 
in the biological sciences. 

The answers to this letter indicated that an organization was desir- 
able with a membership not very closely restricted. 

Nothing further was done until 1894, when another letter was sent out 
by Profs. J. B. Steere, W. P. Lombard, and F. C. Newcombe, of the Uni- 
versity of Michigan, calling a meeting at the University for June 27, to 
organize a State Natural History Society. About 25 people responded 
to this call, and a temporary organization was effected. The oflScers 
elected at this meeting served until a permanent organization was ef- 
fected, and acted as an advisory board with the duty of recommending 
a name for the society, and a constitution and by-laws for adoption by 
it. The name recommended was "The Michigan Academy of Science," 
and the object of the society was the study of agriculture, archaeology^ 
botany, geography, geology, mineral resources, zoology, etc., of the State 
of Michigan, and the diffusion of the knowledge thus gained among men. 

The permanent organization was finally effected at a meeting held in 
Lansing, December 26 and 27, 1894, at which a constitution and by-laws 
were adopted, and sections organized in zoology, botany and sanitary 
science. 

The constitution provides for a summer or field meeting and a winter 
or annual meeting. At present the summer meetings have been 
discontinued by common consent. The winter meetings have been con- 
tinued with increasing importance and value. At the second field meet- 
ing held at the Michigan Agricultural College, June 13, 1896-, permis- 
sion was granted to organize a section of agriculture. In 1902 sections 
in geogi'a,phy and geology, also in science teaching were established; so 
that the Academy at the present time consists of six sections, those of 
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JBOOlogy, botany, sanitary science, agriculture, geography and geology, 

and science teaching.* 

important aid was given to The Michigan Academy of Science by the 

State Legislature in 1899. Section 14 of act No. 44 provides for the 

publication of a report of the meetings of the Academy at the expense 

of the State. The sections read as follows: 

*'Sec. 14. There shall be printed of the following reports the num- 

bei» qf copies herein indicated. Not to exceed one hundred copies, of 

each shall be printed and bound and retained in the office of Secretary 

ef State for future distribution. The number indicated in section 20 

riiall be printed for the purposes indicated in section 20, and in addition 

.there shall be printed the number of copies, as follows, which shall be 

distributed by the heads of the departments making the report : 
******** 

, Report of The Michigan Academy of Science, not to exceed one thou- 
sapd copies of two hundred fifty pages each. 

^ Sec. 20. There shall be printed of all publications, reports and docu- 
m^Ats as provided in this act, such additional copies for use and ex- 
changes by the State library as the State Librarian may in his discre- 
tiQE^ deem necessary for such purpose, but not exceeding two hundred 
espies of any one publication, and it shall be the duty of the Board of 
State Auditors to advise with the State Librarian, prior to ordering 
the State printer to print such publications, that the proper number be 
ordered from the State printer and delivered to the State Librarian." 

The Academy thus receives substantial aid in accomplishing one of 
th^ tasks set for itself, namely, the distribution of scientific knowledge. 
This distribution is not confined to the State of Michigan alone, but 
through the exchanges of the State Library, and of the Academy itself 
with other similar organizations, the knowledge contributed by the mem- 
bers of the Academy, is made accessible to the scientific world in general. 

♦ Ttie history of the Academy will be found in full in the First Annual Kepoit. 
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CONSTITUTION. 



CONSTITUTION 

OF 

THE MICHIGAN ACADEMY OF SCIENCE. 



ARTICLE I. 

This Society shall be known as "The Michigan Academy of Science/^ 

ARTICLE II : Objects. 

The objects of this Academy shall be scientific research and the diffu- 
sion of knowledge concerning the various departments of science. 

ARTICLE III: Membership. 

The Academy ^hall be composed of Resident Members, Corresponding 
Members, Honorary Members and Patrons. 

1. Resident Members shall be persons who are interested in scientific 
work and resident in the State of Michigan. 

2. Corresponding Members shall be persons interested in science, 
and not resident in the State of Michigan. 

3. Honorary Members shall be persons distinguished for their attain- 
ments in science, and not resident in the State of Michigan, and shall 
not exceed twenty-five in number. 

4. Patrons shall be persons who have bestowed important favors upoa 
the Academy, as defined in Chapter I, Paragraph 4 of the By-Laws. 

5. Resident Members alone shall be entitled to vote and hold office in 
the Academy. 

ARTICLE IV: Ofbmcers. 

1. The officers of the Academv shall consist of a President, a Vice- 
President of each Section that may be organized, a Secretary, and a 
Treasurer. 

These officers and all past presidents shall constitute an Executive 
Committee, which shall be called the Council. 

2. The President shall discharge the usual duties of a presiding offi- 
cer at all meetings of the Academy, and of the Council. He shall take 
cognizance of the acts of the Academy and of its officers, and cause the 
provisions of the Constitution and By-Laws to be faithfully carried into 
effect. He shall also give an address to the Academy at the closing meet- 
ing of the year for which he is elected. 

2 
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3. The duties of the President in case of his absence or disability 
shall be assumed by one of the Vice-Presidents who shall be designated 
by the Council. 

The Vice-Presidents shall be chairmen of their respective Sections. 
They shall encourage and direct research in the special branches of 
science included within the Sections over which they preside. 

4. The Secretary shall keep the records of the proceedings . of the 
Academy, and a complete list of the members, with the dates of their 
election and disconnection with the Academy. He shall also be the 
Secretary of the Council. 

The Secretary shall co-operate with the President in attending to 
the ordinary affairs of the Society. He shall attend to the preparations, 
printing and mailing of circulars, blanks, and notifications of elections 
and meetings. He shall superintend other printing ordered by the 
Academy, or by the President, and shall have charge of its distribution 
under the direction of the Council. 

The Secretary^ unless other provision be made, shall also act as 
Editor of the publications of the Academy and as Librarian and Custo- 
dian of property. 

5. The Treasurer shall have the custody of all funds of the Academy. 
He shall keep an account of receipts and disbursements in detail, and 
this account shall be audited as hereina^fter provided. 

6. The Academy may elect an Editor to supervise all matters con- 
nected with the publication of the transactions of the Academy, under 
the direction of the Council, and to perform the duties of Librarian 
until such time as the Academy shall make that an independent office. 

7. The Council is clothed with executive authority, and with the 
legislative powers of the Academy in the intervals between the latter's 
meetings; but no extraordinary act of the Council shall remain in force 
beyond the next following stated meeting, without ratification by the 
Academy. The Council shall have control of the publications of the 
Academy, under the provisions of the By-Laws and of the resolutions from 
time to time adopted. It shall receive nominations for members, and 
on approval, shall submit such nominations to the Academy for action. 
It shall have power to iill vacancies ad interim, in any of the offices of 
the Academy. 

8. Terms of Office. The President and Treasuret^ shall be elected 
annually, and shall not be eligible to re-election for an interval of three 
years after retiring from office. The Vice-Presidents, Secretary, and the 
Editor shall be elected annually and be eligible to re-election without 
limitation. [Section 8 was amended April 1, 1898, to read as follows: 
The President, Vice-Presidents, Secretary, Treasurer, and Editor shall be 
elected annually, and be eligible to re-election without limitation.] 



ARTICLE V: Voting and Elections. 

1. All elections shall be by ballot. To elect a Resident Member, Cor- 
responding Member, Honorary Member, or Patron or impose any special 
tax shall require the assent of three-fourths of all Resident Members 
voting. 

2. Any member may be expelled by a vote of nine-tenths of all mem- 



CONSTITUTION. 11 

bers voting, provided notice that such a movement is contemplated be 
given at a meeting of the Academy three months previous to such action. 

3. Election of Members. Nominations for Resident membership 
shall be made by two Resident Members, according to a form to be pro- 
vided by the Council. One of these Resident Members must be per- 
sonally acquainted with the nominee and his qualificatious for member- 
ship. The Council shall submit the nominations received by them, if 
approved, to a vote of the Academy at a regular meeting. 

4. Election of Officers. Nominations for office shall be made by 
the Council as provided in the By-T-.aws. The nominations shall be sub- 
mitted to a vote of the Academy at its winter [Annual] meeting. The 
officers thus elected shall enter upon duty at the adjournment of the 
meeting. 

5. At the meeting in which this Constitution is adopted the officers 
for the ensuing year shall be elected in such manner as the Academy 
may determine. 

ARTICLE VI: Meetings. 

1. The Academy shall hold at least two stated meetings a year — a 
Summer [or Field] Meetmg, and a Winter [or Anmial] Meeting. The 
date and place of each meeting shall be fixed by the Council, and an- 
nounced by circular at least three months before the meeting. The pro- 
gramme of each meeting shall be determined by the Council, and an- 
nounced beforehand, in its general features. The details of the daily ses- 
sions shall also be arranged by the Council. 

2. All members must forward to the Secretary, if possible, before 
the convening of the Academy, full title of all papers which they pro- 
pose to present during the meeting, with a statement of the time that 
each will occupy in delivery and a brief abstract of their contents. From 
the abstracts thus presented, the Council will determine the fitness of 
the paper for the programme. 

3. This section stricken out April 1, 1808. 

4. Special Meeting of the Academy may be called by the Council, 
and must be called upon the written request of twenty Resident Mem- 
bers. 

5. Stated Meetings of the Council, shall be held coincidently with 
the stated meetings of the Academy. Special meetings of the Council 
may be called by the President at such times as he may deem necessary. 

6. Quorum. At meetings of the Academy a majority of those regis- 
tered in attendance shall constitute a quorum. Four members shall 
constitute a quorum of the Council. 



ARTICLE VII : Publications. 

The publications of the Academy shall be under the immediate control 
of the Council, but the Council shall accord to each author the right, 
under proper restrictions, to publish through whatever channel he may 
choose. 
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ARTICLE VIII: Sections. 

Members not less than eight in number may by special permission of 
the Academy unite to form a Section for the investigation of any branch 
of science. Each Section shall bear the name of the science which it 
represents, thus: The Section of (Agriculture) of The Michigan Academy 
of Science. 

2. Each Section is empowered to perfect its own organization as 
limited by the Constitution and By-Laws of the Academy. 



ARTICLE IX: Amendments. 

This Constitution may be amended at any Winter [Annual] meeting 
by a three-fourths vote of all the Resident Members present. 



BY-LA.WS. la 



BY-LAWS. 

CHAPTER I: Membership. 

1. No person shall be accepted as a Resident Member unless he pay 
his initiation fee, and the dues for the year, within three months after 
notification of his election. The initiation fee shall be one (1) dollar 
and the annual dues one (1) dollar, the latter payable on or before the 
annual meeting in advance; but a single prepayment of twenty-five (25) 
dollars shall be accepted as commutation for life. 

2. The sums paid in commutation of dues shall be invested, and the 
internist used for the ordinary purposes of the Academy during the pay- 
er's life, but after his death the sum shall be covered inio the Research 
Fund. 

3. An arrearage in payment of annual dues shall deprive a Resident 
Member of the privilege of taking part in the management of the 
Academy and of receiving the publications of the Academy. An arrear- 
age continuing over two (2) years shall be construed as notification of 
withdrawal. 

4. Any person eligible under Article III of the Constitution, may be 
elected Patron upon the payment of one hundred (100) dollars to the 
Research Fund of the Academy. 



CHAPTER II: Ofitjcials. 

1. The President shall countersign, if he approves, all duly author- 
ized accounts and orders drawn on the Treasurer for the disbursement 
of money. 

2. The Secretary, until otherwise ordered by the Academy, shall per- 
form the duties of Editor, Librarian, and Custodian of the property of 
the Society. 

3. The Academy may elect an Assistant Secretary. 

4. The Treasurer shall give bonds, with two good sureties approved 
by the Council, in the sum of five hundred dollars, for the faithful and 
honest performance of his duties, and the safe-keeping of the funds of 
the Academy. He may deposit the funds in bank at his discretion, but 
shall not invest them without the authority of the Council. His ac- 
counts shall be balanced on the first day of the Annual Meeting of 
each year. 

5. The minutes of the proceedings of the Council shall be subject to 
call by the Academy. 



il4 THE MICHIGAN ACADEMY OF SCIENCE. 



CHAPTER III: Election of Members. 
• 

1. Nominations for Resident Membership may be proposed at any 
time on blanks to be supplied by the Secretary. 

2. The form for the nomination of Resident Members shall be as 
follows : 

In accordance witli his desire, we respectfully nominate tor Resident Member of 
The Michigan Academy of Sciencje. 
vFuU name) 
(Address) 
(Occupation) 

(Branch of Science interested in, work already done, and publications if any) 
(Signed by at least two Resident Members) 

The form when filled is to be transmitted to the Secretary. 

3. The Secretary shall bring all nominations before the Council at 
either the winter [Annual] or summer [Field] meeting of the Academy, 
and the Council shall signify its approval or disapproval of each. 

4. At the same or next stated meeting of the Academy, the Secretary 
shall present the list of candidates to the Academy for election. 

5. Corresponding Members, Honorary Members, and Patrons shall be 
nominated by the Council, and shall be elected in the same manner as 
Resident Members. 



CHAPTER IV: Election of Officers. 

Section 1. At the Annual Meeting the election of oflScers shall take 
place, and the officers ejected shall enter on their duties at the end of 
the meeting. 

Section 2. The Council shall nominate a candidate for each oflSce, 
but each Section may recommend to the Council a candidate for its 
Vice-President. Additional nominations may be made by any member of 
the Academv. All elections shall be made bv ballot. 



CHAPTER V: Financial Methods. 

1. No pecuniary obligation shall be contracted without express sanc- 
tion of the Academy or the Council. But it is to be understood that all 
ordinary, incidental and running expenses have the permanent sanction 
of the Academy, without special action. 

2. The creditor of the Academy must present to the Treasurer a fully 
itemized bill, certified by the official ordering it, and approved by the Pres- 
ident. The Treasurer shall then pay the amount out of any funds not 
otherwise appropriated, and the receipted bill shall be held as his voucher. 

3. At each annual meeting, the President shall call upon the Acad- 
emy to choose two members, not members of the Council, to whom shall 
be referred the books of the Treasurer, duly posted and balanced to the 
first day of the Annual Meeting as specified in the By-Laws, Chapter II, 
Paragraph 4. These Auditors shall examine the accounts and vouchers 
of the Treasurer, and any member or members of the Council may be 
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present during the examination. The report of the Auditors shall be 
rendered to the Academy before the adjournment of the meeting and the 
Academy shall take appropriate action. 



CHAPTER VI : Publications. 

1. The publications are in charge of the Council and under their con- 
trol, limited only as given by Article VII, of the Constitution. 

2. One copy of each publication shall be sent to each Resident Mem- 
ber, Corresponding Member, Honorary Member, and Patron, and each 
author shall receive fifty copies of his memoir. This provision shall 
not be understood as including publications in journals not controlled by 
the Academy. [By recent ruling, authors receive no reprints free. If 
reprints are wanted the Academy will pay two-thirds if the author pays 
one-third the cost of printing not to exceed two hundred fifty copies.] 
(Minutes of 1903.) 



CHAPTER VII: The Research Fund. 

1. The Research Fund shall consist of moneys paid by the general 
public for publications of the Academy, of donations made in aid of re- 
search, and of the sums paid in commutation of dues according to the 
By-Laws, Chapter I, Paragraphs 2 and 4. 

2. Donors to this fund not Members of the Academy, in the sum of 
twenty-five dollars, shall be entitled without charge, to the publications 
subsequently appearing. 



CHAPTER VIII: Order of Business. 

1. The ordcB of Business at the Winter [Annual] Meetings shall be 
as follows: 



(1 
(2 
(3 
(4 
(5 

(6 
(7 
(8 

(9 
(10 
(11 
(12 
(13 
(14 



Call to order by the Presiding Officer. 

Introductory ceremonies. 

Statements by the President. 

Report by the Council. 

Report of the Treasurer, and appointment of the Auditing Committee. 

Election of officers of the next ensuing Administration. 

Election of Members. , 

Announcement of the hour and place for the Address of the retiring 

President. 
Necrological notices. 
Miscellaneous announcements. 

Business motions and resolutions, and disposal thereof. 
Reports of Committees, and disposal thereof. 
Miscellaneous motions and resolutions. 
Presentation of memoirs. 



2. At an adjourned session, the order shall be resumed at the place 
reached on the previous adjournment, but new announcements, motions 
and resolutions, will be in order before the resumption of the business 
pending at the adjournment of the last preceding session. 
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3. At the Summer [Field] Meeting the items of business under 
•numbers (5), (6), (8), (9), shall be omitted. 

4. At any Special Meeting the Order of Business shall be (1), (2), 
(3), (7), (10), followed by the special business for which the meeting was 
called. 

CHAPTER IX: Amendments. 

These By-Laws may be amended by a majority vote of the members, 
present at any regular meeting. 



PAPERS PRESENTED AT SEVENTH ANNUAL MEETING. 17 



LIST OF PAPERS PRESENTED -AT THE SEVENTH ANNUAL 
MEETING OF THE MICHIGAN ACADEMY 

OF SCIENCE. 

1. Presidential Address — Manner and Means of a Natural History Survey of 
Michigan. Prof. F. C. Newcombe, Ann Arbor. 

2. Annual Address. A Neglected Naturalist.. Prof. John M. Coulter, University 
of Chicago. 

3. The State's Work in Forestry. Hon. Charles W. Garfield, President of the 
State Forestry Commission, Grand Rapids. 

4. Forestry in Michigan from a Business Man's Standpoint. Mr. John Blssell, 
Detroit. 

5. The Next Step in Forestry in Michigan. Prof. Filibert Roth, Ann Arbor. 

6. The Work of the Bureau of Forestry in Michigan. Dr. J. W. Clark, of the 
U. S. Bureau of Forestry, Washington, D. C. 

7. Lantern Views of Seedlings and Young Forest Trees. Prof. W. J. Beal, 
Agricultural College. 

8. Forestry Plantations in Michigan. Prof. E. E. Bogue, Agricultural College. 

9. Condition of the Wood Lot in Michigan. C. A. Davis, Ann Arbor. 

10. Commercial Fish and Fisheries. Mr. F. N. Cl^k, Supt. of U. S. Fish Hatcl^- 
ery, Northville. 

11. Game Fish. Mr. F. B. Dickerson. of the Fish Commission, Detroit. 

12. Game Animals. Mr. C. H. Chapman, State Game -Warden. 

13. Game Birds. Hon. L. Whitney Watkins, Member of the State Board of 
Agriculture, Manchester. 

14. Ecological Survey of the Huron River Valley, IV., Dead Lake (15 minutes). 
Dr. G. P. Burns, Ann Arbor. 

15. Regeneration of Root Tips after Splitting (10 minutes). Miss Lura War- 
ner, Ann Arbor. * 

16. Conditions influencing Regeneration of the Hypocotyl in Linum usitatlssi- 
mum (10 minutes). Miss Mary E. Redden, Ann Arbor. 

17. Regeneration of the Eplcotyl in Seedlings of Vicia Faba and Pisum sativum 
(10 minutes). Miss Annabel W. Clark, Ann Arbor. 

18. Angle of Deviation at which Stems Sho,w the Strongest Response (15 min- 
utes). Miss Julia A. Haynes, Ann Arbor. 

19. Statocyst Function of Starch Grains in the Root Tip (10 minutes). W. N. 
Fuller, Ann Arbor. 

20. The Occurrence of Basisporium Gallarum Molliard in Michigan (10 minutes). 
A. W. Pierson, Ann Arbor. 

21. The Rough Barked and Smooth Barked White Oaks (10 minutes). C. A. 
Davis, Ann Arbor. 

22. Importance of Plant Variation and its Bearing on the Evolution of Species 
(10 minutes). F. H. Loew, Agricultural College. 

23. Some Interesting Michigan Plants, Possibly Some New Species (15 min- 
utes). S. Alexander, Detroit. 

24. A New Edition of the Michigan Flora (15 minutes). Prof. W. J. Beal, Agri- 
cultural College. 

25. The Relation of Mass Action and Physical Affinity to Toxicity of Solution 
(20 minutes). Prof. J. B. Dandeno, Agricultural College. 

26. Educational Requirements for the Profession of Forestry (10 minutes). 
Prof. E. E. Bogue, Agricultural College. 

27. Extension Work in Agriculture (15 minutes). Prof. W. J. Beal, Agricultural 
College. 

28. Bed Rock Topography of the Southern Peninsula of Michigan (20 minutes). 
Frank Leverett, Ann Arbor. 

29. The Theory of Copper Deposition (15 minutes). Dr. A. C. Lane, Lansing. 

30. The Development of the Igneus Magna. Dr. A. C. Lane, Lansing. 
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31. Artesian "Wells Along the North Shore of Lake Michigan. Dr. A. C. Lane^ 
Lansing. 

32. The Glaciers of the Three Sister Peaks, Oregon, illustrated (15 minutes). 
Prof. I. C. Russell, Ann Arbor. 

33. The Glacial Geology of the Ann Arbor Quadrangle (15 minutes). Mr. Frank 
Leverett, Ann Arbor. 

34. A Case of Stream Capture at Rawsonville, Michigan (15 minutes). Isaiah 
Bowman, Ypsilanti. 

35. Gravel Deposits on MArl at the Shore of Bass Lake, Livingston County, 
Michigan (15 minutes). H. W. Berger. 

36. Lava Flows of the Deschutes Valley, Oregon, illustrated (15 minutes). 
Prof. I. C. Russell, Ann Arbor. 

37. The Valley of the Yuma River, Cuba (5 minutes), illustrated. Prof. M. S. 
W. Jefferson, Ypsilanti. 

38. Wind Effects (30 minutes). Prof. M. S. W. Jefferson, Ypsilanti. 

39. Vesuvius before the Eruption of 79 (20 minutes). Prof. F. W. Kelsey, 
Ann Arbor. 

40. Report of the Pasteur Institute for the Year Ending April 1, 1904. Dr. T. B. 
Cooley. 

41. Personal Hygiene for Life's Afternoon. Dr. Mortimer Willson. 

42. Some Problems in Sanitary Science. Dr. Guy S. Kiefer. 

43. Domestic Science in its Relation to Sanitary Science. Miss Carrie A. 
Lyford. 

44. The Object of Cookery in Schools. Miss Jennette Carpenter. 

45. Iron and Fiber in Their Relation to the Food of Man. Floyd W. Robison. 

46. The Result of Sixteen Years of Work in the Bacteriological Examination 
of Drinking Water. Dr. V. C. Vaughan. 

47. Typhoid Germs in Sewage. Ralston Williams. 

48. What Pure Milk Production Means to the Producer. Hon. T. F. Marston. 

49. The Significance and Production of Walker-Gordon Milk. Ira O. Johnson. 

50. Associative Action of Bacteria in the Souring of Milk. Dr. Charles E. 
Marshall. 

51. A Problem in Terrestrial Physics — What Causes the Earth's Rotation. 
Dr. H. B. Baker. 

52. Gun Shot Wounds and Tetanus. Dr. T. B. Cooley. 

53. Filtration of Enzymes. D. J. Levy. 

54. A Preliminary Report on the Presence of Toxin in Liver Cells. Fred Mun- 
son and W. R. Spencer. 

55. The Intracellular Toxin of B. pyocyaneus. Donald Mclntyre. 

56. The Chemical Tests for Morphine in the Presence of Putrefactive Sub- 
stances. M. W. Clift. 

57. An Actinomyces Isolated from Man. D. J. Levy. 

58. Filtration of Virus of Rabies through Paper. Dr. L. M. Gelston. 

59. An Improved Medium for Cultivating Trypanosoma Brucei. Dr. Ward J. 
McNeal. 

60. Cultivation of Trypanosoma Evansi. Drs. F. G. Novy and W. J. McNeal. 

61. Filtration and Agglutination of Trypanosomes. Drs. F. G. Novy and W. J. 
McNeal. 

62. A New Phosphorescing Organism. H. R. Torrey. 

63. A Statistical Study of Conjugation in Paramoecium (15 minutes). Dr. Ray- 
mond Pearl and Mary H. Burr, Ann Arbor. 

64. Methods Used in Cultivating Pure Strains of Paramoecium (10 minutes). 
Frances J. Dunbar, Ann Arbor. 

65. On the Occurrence of a Gill in Planorbis (10 minutes). Jean Dawson, Ann 
Arbor. 

66. Variation in the Forms of Succinea ovalis (10 minutes). Mr. Bryant 
Walker, Detroit. 

67. Notes on the MoUusks, Reptiles and Amphibians of Porcupine Mountains, 
Mich. (10 minutes). A. G. Ruthven, Ann Arbor. 

68.^ A New Type of Cerianthid and Its Significance. Dr. J. Playfair McMurrich, 
Ann 'Arbor. 

69. Fish Fauna of Michigan (10 minutes). Ellis Michael, Ann Arbor. 

70. A Michigan Biological Survey (10 minutes). Prof. H. L. Clark, Olivet. 

71. The Antiquity of the Zoanthid Actinians (15 minutes). Dr. J. E. Duerden. 
Ann Arbor. 
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72. Snake notes, [Illustrated with specimens] (10 minutes). Prof. H. L. Clark, 
Olivet. t 

73. The Variability of Snakes (30 minutes). Prof. H. L. Clark, Olivet. 

74. Some reactions of the Agrionidae Larvae. C. F. Curtis Riley, Ann Arbor. 

75. Some Observations on Phototaxis (10 minutes). Dr. S. J. Holmes, Ann Ar- 
bor. 

76. An Exhibit Showing Commensalism of Crab and Actinian. Dr. J. B. Duer- 
den, Ann Arbor. 
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AN ACCOUNT OF THE ANNUAL MEETING. 



PRESIDENT NEWCOMBE'S ADDRESS. 

The address was a plea for a natural-history survey conducted along 
ecological lines. Such a survey would be founded upon the topographic 
survey of the State now being made by the co-operation of the State and 
National Governments. The results of the topographic and natural-his- 
tory survey should be published in parts with the territory of not more 
than one to three or four counties in each part, each report to have maps 
and accompanying text giving the elevations^ the soils, the glacial geology, 
and the distribution of plant and animal societies. 

Such reports would be of inestimable value to the ever increasing num- 
ber of lovers of outdoor life, would provide guides to the rural and 
city schools for the study of the geography, physiography, and natural 
history of their neighborhood, would classify lands according to their 
fertility, would locate valuable surface deposits such as those of peat and 
marl, would locate the fish and game of the State, and thus lay a basis 
for the study of their habits with a view to their protection and prop- 
agation. 

Reighard. 



PROFESSOR COULTER'S ADDRESS. 

Professor Coulter gave an exceedingly interesting account of the life of 
Rafinesque, a naturalist who did much to classify and name the plants of 
North America east of the Mississippi. His work was not confined to 
plants but included almost every branch of natural history, and extended 
even to every subject in the category of education. Professor Coulter 
enliv^ened the description by relating incidents in his life, and quoting 
from Rafinesque's own works, which served to show the character and 
the immense will-power of the man. The most interesting item of all, 
I)erhaps, was the "last will and testament." This illustrated in an es- 
pecial manner his extraordinary egotism. In this he had, perhaps, few 
ecjuals. The lecturer showed that, in many respects, Rafinesque was far 
in advance of his time, and that many of his predictions, though ridiculed 
at the time, have since been verified. He worked in a period when 
orthodox dogmatism permitted no investigation into the origin of 
things; when it required no ordinary strength of character to assert 
individual views which might happen to be in opposition to the orthodox 
belief. 
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Professor Coulter dealt with the subject in his inimitable style, infusing 
much of his own personality into the discourse. Dandbno. 



GENERAL SESSIONS. 

In the forestry program the Hon. Chas. W. Garfield, President of the 
State Forestry Commission, pointed out the need of introducing the 
teaching of the principles of forestry into our common schools to awaken 
a proper sentiment and an appreciation of the aims and methods of for- 
estry. Mr. John H. Bissel of Detroit told of the former vast timber re- 
sources of Michigan, giving statistics of the mill productions of Flint, 
Saginaw, Muskegon, and other places, and ending with a plea for the re- 
foresting of the pine barrens. Professor Roth of the University reviewed 
the land and forest policy of the State, and made evident the immediate 
need of ending the great waste of our asset, the land. The State should 
sell its agricultural lands for a higher price, and cease selling to ignorant 
settlers and unscrupulous syndicates the non-agricultural lands. Dr. J. F. 
Clark of the U. S. Bureau of Forestry told of the work being done by the 
government in aiding the farmers of Michigan in managing their wood- 
lots more profitably. Professors Beal and Bogue of the Agricultural Col- 
lege by means of charts and lantern views showed the results of numerous 
tree-plantings made in Michigan during the past 10 to 20 years. The 
views were instructive in showing the species of trees best adapted to 
planting, the rate of growth, and the effect of close and open planting. 
Mr. Chas. A. Davis of the University discussed the farmer's woodlot, 
showing its mismanagement, and the possibility of making it yield an in- 
come five times as great as at present. 

In the program on the fish and game interests of Michigan, the first 
paper was read by Mr. F. N. Clark, Superintendent of the V. S. Fish 
Hatchery at Northville. Mr. Clark produced statistics of the annual 
catches of fish in the Great Lakes for the past 20 years, and showed that 
the increase manifest in recent years corresponds to the amount of work 
done in the artificial hatching of the eggs and planting of the fry. Deputy 
Game Warden Brewster followed Mr. Clark, claiming that the artificial 
work in propagating fish was not an improvement on nature's methods. 
Mr. F. B. Dickerson of Detroit, member of the State Fish Commission, 
told of the work of the Commission in stocking the streams and inland 
lakes with fish. He had reliable data to show that the State reaps annu- 
ally an income of $3,000,000 to |5,000,000 from those coming from other 
states to fish. State Game Warden Chapman gave the concluding paper, 
entitled "Game Animals." He said that last year there were 20,000 deer 
killed in Michigan, and that at such a rate the deer would soon become 
as rare as the elk and moose. 

Newcombe. 
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BOTANICAL SECTION. 

All but two of the fourteen papers on the program of the botanical 
section were presented, each being received with much interest by the 
fair number in attendance. 

Dr. G. P. Burns' paper, "Ecological Survey of Dead Lake, Huron 
River Valley" was illustrated with profile maps in color and presented 
an interesting subject in a manner showing much careful work. 

The paper on "Regeneration of Root Tips after Splitting" by Miss Lura 
Warner, was well presented, being illustrated with specimens and draw- 
ings. Some discussion was raised as to there being true regeneration 
in this case. 

Two other papers on regeneration were given, one on "Hypocotyl of 
Linum," by Miss Mary E. Hedden; the other on "The Epicotyl of Vicia 
Faba and Pisum sativum" by Miss Annabel Clark. Both subjects were 
illustrated witB drawings and material and proved very interesting as 
showing a remarkable ability on the part of these plants to regenerate 
lost buds or to produce adventitious ones under certain conditions. 

Miss Julia Haynes presented the results of a series of experiments with 
young potted plants in determining the angle of deviation at which stems 
show the strongest response to gravity. This also was illustrated with 
plants and apparatus. 

A. W. Pierson discussed the occurrence in Michigan of an interesting 
fungus belonging to the Hyphomycetes, Basisporium Gallarum Molliard, 
which was found for the first time in this country and then on a new 
host. 

Prof. C. A. Davis pointed out the cause of the difference between the 
smooth and rough barked white oaks as being due to the presence of a 
saprophytic bark fungus, which induces the scaling of the outer layers of 
the bark. 

The paper by F. A. Loew presented several arguments in proof of the 
formation of species through variation as illustrated in the formation of 
garden varieties whose differences are as great as those existing between 
many accepted species of wild plants. 

Mr. S. Alexander showed several unusual and interesting plants from 
near Birmingham. Thus far they have not been recognized by any pub- 
lished descriptions and were suggested as being either hybrids or un- 
described species. 

Dr. W. J. Beal briefly explained the scope of the new flora of Michigan, 
which he is revising, the number of species it is to contain and the classi- 
fication to be followed. 

The relation of Mass Action and Physical Affinity to Toxicity of solu- 
tion was the title of a paper by Prof. J. B. Dandeno. His experiments 
were made on corn and pea seedlings, using several acid and alkaline 
solutions, it being found that the toxic effects of solution are influenced 
by a mass of inert matter like pure quartz sand. 

Dr. Beal presented some of the features of extension work in agricul- 
ture. Its inception was noted as being the farmers' institute which has 
become a valuable means in extending the work of the Agricultural Tol- 
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leges. It was brought out tliat not much pure agriculture can be taught 
in the common schools of the State but principally those subjects which 
are accessories of that subject. Longybae. 



SECTION OF GEOGRAPHY AND GEOLOGY. 

Owing to the absence of Messrs. Lane and Leverett, who were down for 
papers, the section of geography and geology did not meet on Thursday 
but on Friday and Saturday instead. The Friday session was opened by 
the presentation of three papers by Dr. Lane on "The Theory of Copper 
Deposition/' -"The Development of the Igneous Magma," and on "Artes- 
ian Wells Along the North Shore of Lake Michigan," being the substance 
of material to be contained in his annual report. The next paper by Prof. 
I. C. Russell was upon *The Glaciers of the Three Sister Peaks, Oregon," 
illustrated by a fine series of lantern slides. Tbe shelves produced by the 
different rates of weathering of dirt bands at the end of the ice were 
especially well brought out. The case in which the Huron River had cut 
off one of its own tributaries near Rawsonville, Michigan, was presented 
by Isaiah Bowman of Ypsilanti with good lantern slides. H. W. Berger 
presented a paper upon "Gravel Deposits on Marl at the shore of Bass 
Lake, Livingston county, Michigan." He showed that the gravel was really 
aggregated lime, and in the discussion following Prof. C. A. Davis remark- 
ed that these were the formations due to blue and green algae, known 
in New York as water biscuit. Prof. Jefferson presented lantern slides 
showing a part of the valley of the Yuma river, Cuba, which is too large 
for its stream and suggested that.it might be due to caves and sink holes. 
He also presented a paper of interest to botanists as well as geologists and 
geographers on the effects of wind especially on trees, showing the effects 
of dominant winds and the reaction of different kinds of trees thereto. 
This was finely illustrated by lantern slides and half tones many of which 
have appeared in an article in the National Geographical Magazine. 
Prof. F. W. Kelsey of the Classical department presented a paper on 
"Vesuvius before the P^ruption of 79," with a large number of maps, 
diagrams, and models. The. result of his study was to bring him into 
agreement with the view of Palmeri that before the eruption which buried 
Pompei the old crater was nearly flat but surrounded partly on one side 
by the ring Monte Somma. In the absence of Mr. Jjeverett, owing to 
serious illness of his father, a paper on the "Bed Rock Topography of the 
Southern Peninsula of Michigan," was briefly presented in his absence. 
He had prepared a series of maps showing the bed rock topography, the 
ice area being over 1,000 feet above the level of Hillsdale; the extension 
of the ice which moved along the lower parts of the bed rock, and a map 
showing the topography of the present surface which reaches 1 JOO feet 
above sea level in Oscoda county. 

Prof. Jefferson was elected chairman of the section and vice-president 
of the society for the coming year. Lane. 
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SECTION OF SANITARY SCIENCE. 

The sessions of the Sanitary Section were well attended and the inter- 
est good. Dr. T. B. Cooley, who was in charge of the Pasteur Institute at 
the University, gave his report for the year. Its successful work for the 
past year should assure its permanency for the future. Some very useful 
sanitary problems were pertinently discussed by Dr. Guy D. Kiefer, 
chief health officer of Detroit. Miss Lyford and Miss Carpenter, both of 
the Domestic Science Department of the Agi'icultural College, uttered 
words which indicated a scientific basis for progressive home development. 
Domestic Science is shaping itself into definite form and useful dimen- 
sions through its introduction into schools, and it is revolutionizing the 
attitude of women toward house-keeping and home-making. Sixteen 
years of experience in the bacteriological analysis of water has 
made Dr. Vaughan confident of its value as a means of safety to the 
public. It is the only method of arriving at a definite and satisfactory 
knowledge of a water supply. Mr. Ralston Williams produced experi- 
mental work to cast light upon the ])ersistency of typhoid fever bacilli in 
sewage. The significance and production of Walker-Gordon milk were 
considered by Ira O. Johnson of Grand Ra])ids. It was stated that the 
Walker-Gordon method is nothing new, yet it has made possible what 
heretofore seemed almost impossible. Mr. Marshall gave experimental 
data establishing the influence of some saprophytic bacteria in milk which 
hastened the souring of milk, or in other words, favored the development 
of lactic acid bacteria. Dr. Baker, led by his studies in climatology, dis- 
cussed the influence of constant winds from west to east upon the earth's 
rotation. Mr. D. J. Levy discussed the retention of enzymes by filter 
paper upon filtration. Similarly Dr. L. M. Gelston furnished experi- 
mental evidence of the reduction in strength of virus of rabies. That 
filter paper does exert a marked influence when employed for above pur- 
poses, was plainly shown. The finding of intracellular toxin in the cells 
of the liver by Messrs. Fred Munson and W. R. Spencer furnishes further 
light upon the production of autogenous diseases. The close chemical 
relation existing between morphine and putrefaction products, caused 
Mr. M. W\ Clift to tell of some tests he had made. Mr. H. R. Torrey 
exhibited a phosphorescing germ which he had isolated from some food 
kept in an ice chest. A variation of the classic actinomyces was demon- 
strated by Mr. D. J. Levy. F. W. Robison contended that fiber is 
essential in our food stuff's. Drs. F. G. Novy and ^IcKeal treated the 
subject of trypanosomes from the laboratory standpoint and acquainted 
their hearers with the important phases and details of their notable 
work. The cultivation and laboratory manipulation have established a 
new era in the studv of this class of microbian forms. Marshall. 
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SECTION OF ZOOLOGY. 

In the Thursday session all the papers listed on the program were read 
with the exception of that of Prof. ^McMurrich. Dr. R. Pearl and Miss 
Mary H. Burr showed that in the conjugation of Paramecium there is 
a much stronger tendency for like to mate with like than occurs in the 
mating of civilized man, with respect to physical characters. Miss Fran- 
ces J. Dunbar brought out the fact that the addition of a small quantity 
of bread to a culture of Paramecium conduced to rapid multiplication of 
individuals and a healthy condition of the culture. Miss Jean Dawson 
announced her discovery that the pulmonate moljusc Planorbis has a func- 
tional gill in addition to a lung. Mr. Bryant Walker gave a very inter- 
esting account with figures of his investigations of the variations in the 
jaws of Succinea ovalis, showing that definite s[)ecific characters which 
would be of decisive value in systematic work could not be found in this 
organ. Mr. A. G. Ruthven described the characteristics of the fauna of 
the region about the Porcupine Mountains in the Upper Peninsula, 
pointing out the relations between the nature of the habitat and the 
fauna found in a given place. 

Mr. Ellis Michael, in the opening paper of the Friday session, gave a 
summary of our present knowledge of the fish fauna of the State. He 
called special attention to the need for further work on the subject, and 
presented a code of working rules for use in the determination of the 
synonymy. Prof. H. L. Clark urged upon the Academy in general, and 
the zoological section in particular, the desirability of at once beginning 
a systematic biological survey of the State. A very thorough dis- 
cussion of the subject followed the reading of this paper. From the dis- 
cussion it appeared that all present were agreed as to the desirability of 
such a survey but there was a difference of opinion as to Ihe practical 
possibility of carrying it on in a profitable way under existing conditions. 
A committee of the section, consisting of Mr. Bryant Walker, Prof. H. L. 
Clark, Prof. W. B. Barrows, and Mr. C. C. Adams was appointed to 
ccfnsider the matter and report at the next meeting. Dr. J. E. Duerden 
gave an interesting account of his results on the relationships of recent 
fossil corals and actinians. Prof. H. L. Clark presented two papers on 
snakes, the first dealing with the discover}- of a snake new to Michigan 
and an exhibit of two large living snakes from Oklahoma. The second 
paper comprised a preliminary report of his extensive studies on the 
variability of the common snakes occuring about Olivet. The next two 
papers dealt with phases of the subject of animal behavior. The first 
of these was a report by Mr. C. F. Curtis Riley of his work on the behavior 
of the Agrionidae larvae. Following this Dr. S. J. Holmes gave an account 
of the phototactic reactions of Ranatra. The responses in this form are 
very definite and throw important light on certain general problems of 
phototaxis. The final paper of the session was a description, with ex- 
hibition of specimens by Dr. J. E. Duerden of a curious case of commen- 
salism in which a crab carries about specimens of the small actinian 
Bunodeopsis, one being carried in each chela. Pearl. 

4 



26 THE MICHIGAN ACADEMY OF SCIENCE. 



MEMBERS-ELECT. 

Carrie A. Lyford, Agricultural College. 

Jennette C. Carpenter, Agricultural College. 

Thomas F. Marston, Bav Citv. 

Floyd W. Robison, Agricultural (.'ollege. 

Ira O. Johnson, Grand Rapids. 

Winifred R. Wright, Agricultural College. 

Henry W. Berger, 1224 Washtenaw Ave., Ann Arbor. 

Florence Hagle, 018 Packard St., Ann Arbor. 

Florence G. Dillon, 432 Cadillac Ave., Detroit. 

Jean Dawson, 2098 -Ingalls St., Ann Arbor. 

A. G. Ruthven, Jr., 821 East Ann St., Ann Arbor. 

James E. Duerden, Ann Arbor. 

Francis J. Dunbar, 322 S. Fifth Ave., Ann Arbor. 

Harriet W. Thompson, Port Sanilac. 

Fred A. Loew, Agricultural College. 

Thomas B. Cooley, Ann Arbor. 



OFFICERS ELECTED. 

President — Dr. A. C. Lane, Lansing. 
Vice-President: 

Section of Agriculture — Prof. W. J. Beal, Agricultural College. 

Section of Botany — Prof. J. B. Dandeno, Agricultural College. 

Section of Geography and Geologv^ — Prof. ]\L S. W. Jefferson, 
Ypsilanti. 

Section of Sanitary Science — Dr. T. B. Cooley, Ann Arbor. 

Section of Science Teaching — Prof. W. H. Sherzer, Ypsilanti. 

Section of Zoology — Dr. Raymond Pearl, Ann Arbor. 
Librarian — Dr. G. P. Burns, Ann Arbor. 

Secretary-Treasurer — Dr. Charles E. Marshall, Agricultural College. 
Editing Committee of Bulletin — Dr. A. C. Lane; Dr. H. L. Clark; Dr. 
C. E. Marshall. 



COUNCIL. 



The Council is composed of the above named officers and all Past-Presi- 
dents, who are as follows : Prof. W. J. Beal, Agricultural College ; Prof. 
W. H. Sherzer, Ypsilanti; .Mr. Bryant Walker, Detroit; Prof. V. M. 
Spalding, Ann Arbor; Dr. Henry B. Baker, T>ansing; Prof. Jacob E. 
Beighard, Ann Arbor; Prof. Charles E. Barr, Albion; Prof. V. C. 
Vaughan, Ann Arbor; Prof. L C. Russell, Ann Arbor; Prof. F. C. New- 
combe, Ann Arbor. 
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SUMMARY OP TREASURER'S REPORT. 

Year's receipts f 179.07 

Year's expenses 113.39 

Balance on hand $65.08 

Expenses for printing the fourth and fifth reports and outstanding bills 
will doubtless more than consume this balance. 

In order to facilitate business matters of the Academy it was voted 
to elect the same individual for Secretary and Treasurer. 

The Academy decided to issue an occasional bulletin, the size to be 
identical with the Academy's reprints. The Secretary, President and 
Prof. H. L. Clark were authorized to issue said bulletin. 
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PRESIDENT'S ADDRESS. 

« 

A NATURAL HISTORY SURVEY FOR MICHIGAN. 

Frederick C. Newcoaibe. 

There is probably no state nor territory in the Union in which some- 
thing has not been done in the way of determining the flora and fauna. 
The states of New York, Ohio, Illinois, and California have been for years 
conducting not only a geological but also a natural history survey, while 
several other states, such as Massachusetts and Pennsylvania, have pub- 
lished many reports on the natural history of inland waters, forests, etc. 
In recent years state survey work has received added impetus in the 
direction of natural history by tlie formal inauguration of such surveys 
in Indiana, Illinois, Wisconsin, Minnesota, Iowa, and Nebraska. 

The state survey of Michigan began as a geological and natural history 
survey in 1837 when the State was admitted to the Union. In 1S40, for 
economic reasons, the biological part of the work was discontinued, and 
with brief exceptions the survey was thenceforth continued as geological. 

The Michigan I^egislature of 1003, in both Houses, passed a bill in- 
augurating a natural history survey of the State. The bill however, 
which was passed in the last days of the session, failed to receive the 
Governor's signature. This yiartial success gives ground for hope that 
the survey will be established by the Legislature of 1905. But whether 
success or failure shall attend the efforts of the Academy to establish 
a survey next year, we may feel assured that the Academy will relax 
no effort to carry to a successful end this work to which its meml>er8 
have committed themselves. 

THE OLD WAY OF MAKING NATURAL HISTORY SURVEYS. 

Looking through the reports of state surveys made during the yjast 
century, one finds that from Maine to California nearly every state has 
published lists of its plants and animals, with brief accompanying de- 
scriptions and notes as to habitat, range, etc. In this State, Beal and 
Wheeler's Michigan Flora is a worthy example of this kind of work. 
Such publications are good as a preliminary reconnaissance. They have 
a scientific value to specialists working on floral and faunal distribution, 
and to a few systematists in the State. To the general citizen in the 
State however their worth is relativelv small. 

A BETTER METHOD FOR NATURAL HISTORY SURVEYS. 

The natural -history surveys of the future will undoubtedly be ecologi- 
cal. An ecological natural history survey will study plants and animals 
in relation to their environment. Such a survey will be carried on along 
two lines: (1) Problems peculiar to special localities or peculiar to spe- 
cial environment will be studied; (2) The plant and animal forms of 
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each district or county will be determined in their relation to climate, 
soil, and to one another. 

Of the two lines of work just noted as included in an ecological sur- 
vey, that of the study of special problems is just now being most pursued. 
It has already yielded important results in our own State by the pub- 
lication of the gratuitous work of Davis entitled "Contribution to the 
Natural History of MarP' (Journal of Geology VIII, 1900; IX, 1901). 
In Illinois, the same method has given us the "Plankton Studies'' of the 
State I^aboratory . of Natural History (Bulletin Vol. VI, Article II), 
which are certain to have an effect in promoting the fish industry of 
that and other states. In Wisconsin and Minnesota several volumes 
on special problems have recently been issued. 

The foregoing method of survey by the study of special problems can, 
however, never give us a unified and comprehensive result. A well co- 
ordinated survey will carry the geological and natural history work along 
together, and the basic principle will be the exploration of the whole 
area of the State, county by county, or district by district, so as to 
learn the natural resources, both geological and biological, throughout 
the whole extent of the Commonwealth. Every county, besides the re- 
sources commonly first thought of, possesses other resources worthy of the 
highest consideration. The reports of the future geological and natural 
history surveys will treat not only of the resources of every county in 
minerals, fuel, agricultural lands, forests, fish and game, but also of the 
resources in scientific features to furnish a means of instruction to the 
youth in the schools. The part of the survey which is to be on the 
side of natural history, in order to work out the economic and edu- 
cation resources of each district must be conducted as an ecological sur- 
vey. It is to the consideration of such an ecological survey, that I wish 
to draw your attention. ^ 

In making an ecological survey, the surveyor selects a certain district 
to explore, it may be a county, or a larger or smaller area. This district 
he examines minutely to determine the plants and animals and their 
relations to their environment. He must determine the physical char- 
acters of the soils, and study the relation of cultivated and uncultivated 
plants to soil, drainage, light, temperature, etc., and group his plants 
and animals into societies. If he can have as a basis for his survey a 
tyi)Ographic map. and maps showing distribution of soils upon which to 
construct his map showing distribution of societies, he can start with 
an excellent background. 

This method which is almost new in the world is illustrated by a few 
pioneer efforts in the surveys of the vegetation anjj animal life of certain 
areas. For several years Professor Flahault of the University of Mont- 
pellier in France has been using the forest trees as centres about which 
to group the other plants into societies. He has found that when his 
plants are grouped the soils are classified also. Professor MacMillen in 
his "Plant Life of Minnesota'' has made a survey of the kind advocated 
here. The introductory chapters of this book treat of the rock formations, 
of the glacial geology, of the soil, the drainage, and the climate. The 
introduction is followed by a description and general location of the vari- 
ous plant societies, and an enumeration of the members of each society. 
This book has been placed in every school of the State, in city and 
country, and no doubt furnishes the basis of much nature study. T\Nft 
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area taken for treatment is however too large to give the matter of the 
book much local interest, or to allow it to be used in the study of 
details. 

A third example of an ecological survey is that furnished by the work 
of Dr. Livingston and published by the geological Survey of Michigan 
in 1901, under the title, "The Distribution of the Plant Societies of Kent 
County, Michigan.'^ Of the manner in which Dr. Livingston did his work 
and the value of his conclusions there is no need of comment here. It 
is sufficient to say that the plan is good, and, I believe, is certain to 
be the plan of the future. Dr. Livingston's unit is a county, but un- 
fortunately his map is far too small to be of service except for the most 
general outline of plant geography, and he has omitted farmland and 
cultivated plants. He considers however climate and soil and their in- 
fluence in determining the plant societies. 

I need not enumerate the relatively few other attempts at surveys — 
such as some of the U. S. Government biological surveys — recently made 
on an ecological basis. I would, however, as a final illustration call 
your attention to two surveys that have recently appeared in Great 
Britain, one of the district about Edinburgh and the other of Yorkshire. 
The first was made by Robert Smith and the second by Mr. G. Smith, 
and C. E. Moss and W. Munn Rankin (the Geographical Journal, April 
and August, 1903). In the introduction to the survey of Yorkshire these 
words are found : "One may set out to find an answer to the question, 
What species occur here?' or to solve ^How are the species arranged with 
regard to one another, and with regard to soil and climate?' The result 
in the former case would be a flora ; in the latter it would be a connected 
account of the vegetation/' 

The survey of Yorkshire is a connected account of the vegetation. The 
authors find that they can divide the district into moorland, woodland, 
and farmland. These three great divisions each have their characteristic 
vegetation. Each of the three divisions is subdivided into smaller areas. 
The woodland, for example, is subdivided into the oak, the mixed lowland, 
and the pine.. Again these are subdivided, as the oak into the dough 
thicket, upland oak, and lowland oak. In each of these smallest divisions 
the species of plants occurring are named, and the species are classed as 
dominant, suhdominant or dependent. The altitude, temperature, rain- 
fall, and soil are given for each plant society. The accompanying map is 
drawn on the scale of two miles to one inch, and contains 16 different 
colors to show the distribution of the plant societies. These colors are 
superposed on a topographic background. 

Immediate Uses of Such a Survey, 

The advantages to pure science of a state survey, no one will question. 
Nor need we pause now to predict the economic value to the more dis- 
tant future of such a survey, but merely cast a glance at that' future by 
repeating the common sentiment, that the pure science of today becomes 
the applied science of tomorrow. Let us concern ourselves rather with 
an enquiry as to the immediately practical uses of an ecological state 
survey. 

Every intelligent person has noticed the great awakening within the 
last few years of the interest in outdoor life. New periodicals devoted 
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exclusively to country life have appeared; established magazines offer 
in every number descriptions and stories of plant and animal life; 
nature story books have flooded the market; every town and village 
has its improvement association; and amateur gardening and landscape 
architecture are discussed in clubs. These are signs of the times read 
by everyone. There are other signs less conspicuous and less numerous 
than the foregoing, but which are to some men still more significant. 
These are the rehabilitation of many of the old local scientific societies 
which flourished a generation ago all over Michigan, and the formation 
at several points in the State of nature study clubs. I remember six 
to eight years ago a conversation which I had with a friend, in which 
we expressed regret at the decline of interest in nature study as evi- 
denced by the death of local scientific societies. The impending dis- 
tribution of the collections of the Kent Scientific Institute of Grand 
Rapids was the occasion of our remarks. We agreed that these local 
scientific societies came into existence' when the intelligent people in 
comparatively new settlements found themselves face to face with un- 
known geological formations, unknown plants and animals. The work 
of these societies consisted in identifying, collecting and preserving in 
museums the fossils, plants, and animals of the vicioity. As time passed, 
the field was worked over, and the interest of the society flagged. In the 
collections, dust covered the fossils, .and the snakes became mummies 
as the alcohol evaporated. But there has come an awakening. It is 
perceived that there is a new world to explore containing better treasures 
than the identifying of plant and aq^mal forms with which the i)ast 
generation in this territory busied themselves. The search is to be not 
only for the tchat, but for the how. and why, Eow were these hills fowned, 
how these terraces, and how this plain? Why is this plant society char- 
acteristic of the sand plains, and this other society of the bogs? How 
can this stretch of barren land be made to produce, and how should 
this hillside be cultivated to prevent loss of fertility? These are the 
questions with which nature study clubs propose to concern themselves. 
Of still greater import than the revival of nature study societies is 
the clear tendency of biological training in the primary and secondary 
schools, and also in the colleges, toward field work. And who can forsee 
the demands of the rural schools? The city teacher complains that the 
country is inaccessible from his school, that he cannot control his pupils 
on excursions, that it is impossible to make field work disciplinary ; and 
college professors have written much which seems to demonstrate that 
boys and girls must learn structure and function in the laboratory before 
they can understand nature afield. But in spite of the diflSculties to be 
overcome, we all expect to see schools giving more and more of their time 
to field work. But it Will not be the field work of twenty years ago. 
The pupil must learn the names of plants and animals, but he will 
understand that his main task is the discovery and perception of rela- 
tions. The goal is the pupiPs intelligent contemplation of nature. He 
is to look about him to perceive the geolog}% the climatology, the biology. 
No doubt the vision will be imperfect, but it will become better defined 
as time goes on. A physiographic and natural history survey will be 
the pupiFs guide book to the region in which he lives. It will give him 
the general outline of geological history and of plant and animal societies^ 
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leaving untouched many details which he will supply by his own investi- 
gation. 

Not only should the survey be made for our citizens and our schools, 
but its results should be so published that they could be used as scientific 
data in the study of geographical distribution and similar problems. 

From these educational and scientific advantages of a physiographic 
.and natural history survey of the State, I turn to consider the advantages 
which are more economic. The survey should be so conducted that the 
value of the soils would be known for various kinds of crops. If it should 
l»e found, as it certainly would be, that certain lands, now yielding but 
poor returns in wheat, would yield a more valuable forest crop, the 
knowledge of that fact would be a clear economic gain. The survey 
would doubtless lead to the i)lanting of trees over small infertile areas 
in every county in Southern Michigan. The fertility of soils would have 
to be related to composition, to temperature, to precipitation, to dainage 
and to vegetation. A collection into one record of such data could not 
fail to be of great advantage to agi'iculture, not only in selecting the best 
location for certain crops, but in the introduction into new regions of 
fruits, vegetables, and grains. 

At the present, time the State needs a careful survey of the northern 
part of the Lower Peninsula in order to separate agricultural from forest 
lands, that the State sei|uestration and reforestation of infertile areas 
may proceed intelligently, and that the State oflQcers and private com- 
panies may do justice to those now being urged to make homes for them- 
selves in that region. 

We know that the State is dotted over its whole surface with deposits 
of peat and marl. A survey is needed to locate these and other valuable 
surface deposits, such as cement clay, brick clay, and glass sand. By 
cooperation with the geological survey the extent of these deposits could 
be measured. 

The fish and game have received too little attention. They are a source 
and can be made a much greater source of wealth to the State. I am 
told that in one day last spring there left Grand Rapids for the brook 
trout streams of Michigan 3,000 men. The report of the Commissioners 
of Fisheries and Game in Maine estimates the amount spent in that 
State for the vear 1002 by those coming from other States to hunt and 
fish at |(>,000,000 to 112,000,000. From data furnished by the railroads, 
the profits to Michigan from this source are probably not less than 
$6,000,000 annually. Properly regulated, these sources of wealth can be 
made lasting. But before they can be properly regulated the life his- 
tories of the forms concerned must be determined by careful field and 
laboratory study. A natural history survey of the State would deter- 
mine to some extent the location and the quantity of game and fish, and 
elucidate relations which they bear to their society of animals and of vege- 
tation. Thus would be laid a basis for future determination of the effect 
on these beings of natural and artificial changes in their environment. 

It is believed that the foregoing advantages would result from an 
ecologically geographical survey. But there are numerous special prob- 
lems which are not geographical in their nature, and which would neces- 
sarily form a part of any complete survey. The State should publish a 
list of the injurious fungi found within her borders, giving their habits, 
range, and the means of combating them. The same thing should be 



PRESIDENT'S ADDRESS. 33 

done for insects, birds, and other animals. The scattered publications 
on these subjects should be verified and collected into usable form. 
The breeding habits and migrations of animals should be well studied 
that proper laws may be enacted for their protection. Our waters should 
be studied with a view to making them productive, and our waste lands 
with a view to clothing them with forests. Michigan with her unusually 
large areas of water and non-agricultural land will certainly be remiss 
in her duty if she does not speedily take increased measures to propagate 
and preserve her forests, game, and fish. The inland lakes of Michigan 
have been almost neglected as sources of wealth ; and yet the experience 
of European countries proves that a small lake may be made more valu- 
able with its crop of fish than an equal area of farm land. The recent 
publications of the Illinois State Laboratory of Natural History indicate 
very clearly that a proper cultivation of bodies of water will increase 
the fish supply. Our State ought certainly to turn her attention to a 
study of the fish and fish food of the inland lakes and streams. 

The last special problem which I will mention is the study of the plant 
and animal life in the streams and lakes from which is taken the water 
supply of cities. But I will not dwell on this and other special problems, 
for I do not wish to distract the attention from my main proposition, 
which is, that the natural history survey should be ecological and geog- 
raphical. 

MEANS OF CONDUCTING SUCH A SURVEY. 

If we are to plan an ecological survey we must provide not only for 
the means of studying our plants and animals in their habitats, but we 
should include the temperature, precipitation, insolation, the soil, and, 
if possible, the topography and glacial geology. The first three of these 
factors, the temperature, precipitation, and insolation, can be obtained 
from data already existing. The U. S. bureaus in cooperation with the 
Michigan Geological Survey are slowly surveying the soils and topo- 
graphy of the State, and have the materials at hand for mapping the 
glacial geology. The topographic survey, for which the State made the 
small appropriation of $500 annually has already produced a map cov- 
ering an area of about 25 miles by 35 miles with Ann Arbor as the center, 
and is now being extended over another area in Wayne County. It is 
probable that within twelve months this cooperative survey by the U. S. 
and State Geologists will publish the Ann Arbor Folio, which will con- 
tain maps showing contour lines, soils, and glacial formations. In the 
plotting of soils, the Bureau of Soils of the general Government has 
already produced a map of Allegan County, and is now at work on Oak- 
land County. Besides this work, the State Geologist has published a 
topographical map of Kent County. It is the intention of the general 
Government, if a part of the expense is borne by the State, to include 
the whole State in the toi)Ographic and soils survey. It would seem the 
part of wisdom in banning an ecological natural history survey to fol- 
low the course already covered by the topographic and soils survey. 
Should the natural history survey be established, it is probable that 
cooperation could be arrangjed by which the topographic and soils surveys 
would cover the same area preparatory to the natural history survey. 

There seems to be one objection to spending all the effort of a survey 
in a territorially progressive exploration. There may be regions or ^vs\^ 
6 
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lems to which the need of immediate attention is urgent, such as the 
determination of a native flora threatened with disturbance or destruc- 
tion. In the writer's opinion, means must always be reserved for such 
special problems; but the main work should still be territorially prog- 
ressive. 

As to the survey staff, it would seem advisable that the State Geol- 
ogist, as provided in the bill of last year, should be the chief, and that 
he should call to his aid a botanist and a zoologist, both of whom should 
be skilled in ecological work. These men might find a means of unifying 
the scattered individual efforts, of gathering about one center the work- 
ers in natural history now making observations, but without guidance, 
in all quarters of the State. In every graduating class from this Univer- 
sity, there are students well trained in botany who beg for topics upon 
which they may carry on research after leaving their alma mater. Doubt- 
less all college instructors in natural science could tell a similar story. 
It might be that the supervisor of the survey in botany and the super- 
visor of the survey in zoology would find here and there in the State per- 
sons capable of doing a part of the work of the survey of districts in 
which they lived. These surveyors would be glad to work without com- 
pensation, and they would be aided by correspondence and personal visits 
from the director or his subordinates. It is not inconceivable that per- 
sons partially trained for such work would be willing to spend a summer 
at some institution, or in the field under direction, in order to prepare 
themselves for participation in the survey. 

If, however, the method just referred to should be thought or should 
be found to be not feasible, each specialist would probably best form 
surveying parties for summer work. B}- having their traveling and 'field 
expenses paid, it is probable that several efficient young men* could be* 
found each summer who \V^ould gladly assist in the survey without farther 
remuneration. This has been practiced in the survey of Wisconsin now 
under way. 

Should the State appropriation warrant it, the botanist and the 
zoologist of the survey should give all their time to the work, exploring 
in the field in the summer, and using the winter to work up their data. 
On the other hand, should the funds available be insufficient to secure 
the services of two specialists for the whole year, men, otherwise en- 
gaged in the winter, could be employed on the survey for the summer 
only, and the work would go forward more slowly. The botanist of the 
survey should be one skilled in plant geography, with a knowledge of 
soils, and, if possible, with a knowledge of glacial geology. The qualifica- 
tions of the surveyor in zoology, I will let others formulate. 

It would appear to me that for the first two years an annual appro- 
priation of |3,000 would secure the services of a botanist and a zoologist 
for the whole year, and would leave f 300 to $500 a year for the study 
of special problems. Should the annual expenditure be limited to $2,000 
as was contemplated in the bill passed by the last legislature, it could 
hardly be expected that competent men could be secured for the whole 
year. 

In the latter case it would seem advisable for the State Geologist to 
have an advisory board composed of at least one botanist and one zoolog- 
ist, who should serve without compensation. It would be the task of this 
board to plan for harmony and similarity of methods in the work of the 
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different surveyors. In any case no one should commit the folly of fram- 
ing a bill which would throw the burden of the planning of the work upon 
the State Geologist. 

It may be asked "What should be the form of the reports of the survey, 
and what matters should be treated therein?" The method of issuing the 
reports of the Wisconsin survey seem to me admirable. The reports of 
that State are divided into three series: (1) the economic series, (2) 
the scientific, (3) the educational. The nature of the first two series will 
be readily inferred, and I will ^peak in more detail of the educational 
reports only. It would seem that the series should be introduced by a 
volume descriptive of the general geology and natural history of the 
State with an elucidation of the general principles of the formation of 
rocks, soils and topography, and of the general principles of plant and 
animal ecolog}. Following this general introductory volume, there 
should be separate reports published for each county or district. These 
reports should be guide books to the study of the region, and should con- 
tain a map drawn on a scale not less than two miles to the inch, better 
one mile to the inch. The map should show not only roads, rivers, sec- 
tion lines, and towns, but the topography, the cultivated lands, the 
distribution of plant and animal societies, and if possible, the soils. Such 
maps have already been made successfully for the surveys in Scotland 
and Yorkshire as already stated. There should be an accompanying text 
written simply, so that all who wish to become acquainted with nature's 
ways might understand. This text should treat of the geological his- 
tory of the region; of the sculpturing of glaciers, of streams, and of 
winds; of the climate, the soils, and of the plant and animal societies. 
Anything of special interest in the region, in the topography, the natural 
history, the mineral deposits, or vegetable deposits should receive special 
attention and elucidation. The schools of the State and the people of 
the State are beginning to ask for this information, and the State should 
supply it. 

SUMMARY. 

The foregoing pages have spoken of three ways in which a survey may 
be conducted: (1) it may be floristic and faunistic, or (2) it may be 
a pursuit of special problems, or (3) it may be progressively ecological. 
In this address the progressively ecological method has been advocated as 
a basis, with means allowed for the study of special problems. The uses 
of such a survey have been presented as 

1. Furnishing a means by which all lovers of outdoor life might the 
better understand and enjoy the face of nature ; 

2. Furnishing to rural and city schools a guide to nature study; 

3. Classifying lands according to their agricultural value ; 

4. Locating the fish and game of the State, and laying the foundation 
for the study of their habits, which would lead to their better preservation 
and propagation; 

5. Locating the peat and marl and other valuable surface deposits ; 

6. Providing data for more general scientific studies ; 

7. Discovering problems for special attention and investigation. 

Six years ago Professor Spalding stood before you and in his presi- 
dential address asked for the inauguration of a biological survey. At 
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that time his vision did not portray an ecological survey, but rather 
the study of special problems, among which he advocated most strongly 
a survey for forestry purposes. Since that time, as you know, a pre- 
liminary forestry survey has been made, and the forestry work of the 
State well established with an annual appropriation of f7,500. 

A year ago. Professor Russell, in his presidential address before you 
plead for a topographical survey. The State has answered by making 
its first appropriation for that work. 

Let us from these successes take courage, and with zeal, labor for the 
establishment of a natural history survey. 
F. C. Newcombe^ Ph. D., Junior Professor of Botany, 
Botanical Department, University of Michigan. 
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OUR EDUCATIONAL METHODS AND FORESTRY PROGRESS. 

CHARLES W. GARFIELD. 

It would be considered rather poor practice, in heating a kettle of 
water, to apply the fire above rather than below the receptacle. One under- 
taking a plan of this kind would simply put himself in the position of 
furnishing laughing stock for the community, and still, there are occasions 
when this method must be adopted, because of adverse conditions. For 
instance, I have been watching men thaw out waterpipes during this past 
winter, by building fires on the surface and gradually working down 
through the earth by this slow method. Criticism may be made upon 
my analogy , and still, I think there is a strong element of application 
to our methods of education. We have been expending our energies 
in working from the top downward. Ours is a democratic country, 
and when we can understand thoroughly that the will of the people is 
supreme and that the average man is a commandant, our system of 
education must be looked at somewhat differently from a plan adopted 
under a monarchy or aristocracy. If we wish to accomplish far-reaching 
results in any progressive matter that affects the people, we must not 
begin at the university, but with the common school, and the theory 
of our education with the child must be, that in him we are building for 
the future, and it is right for us to center our energies in him. He is 
the most important product of our age or of any age. 

In the prosecution of the forestry movement, which I cannot help 
but feel is one of the great movements in our land, we may have never 
so well equipped a Bureau of Forestry in connection with the general 
government ; we may have the most satisfactory departments in our uni- 
versities for the development of forestry, but the movement will be one of 
hesitancy and very unsatisfactory in its results until we can reach that 
element in the community which will have the influence and the votes in 
the adoption of methods and in the control of activities. The child must 
be imbued with the idea that the root of a tree is at least of equal impor- 
tance to a Greek root ; that the furnishing of raw material for industries 
is of as great moment as is method in expressing the most delightful 
sentiments concerning the evolution of the race ; that the influence of the 
removal of our forest cover upon industries and upon manhood is of 
as great import as any information that can be given with regard 
to the revolution of the planets or the composition of the sun. 
Having this thought in my mind, and the desire that the 
great movement for reforestation shall take a strong hold upon the mass 
of the people, I am convinced that our work must be centered in our 
primary system of education. Let me illustrate what I mean : In my 
own township, when I was a boy, a stream known as Plaster Creek, 
traversing in an irregular way our township from corner to corner, had 
a very even flow throughout the year. We never had any excessive 
flood that was dangerous to bridges, and the water itself was seldom. 
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even during floodtime, filled with silt for more than a short period. 
Conditions have changed ; the timber of the township has beeen almost 
entirely removed. The flow of this stream is periodical, rather than reg- 
ular. The past fortnight it has been at floodtide, and has carried away 
with it an immense amount of soil, and bridges have been removed from 
their foundations, and carried away, entailing an immense expense upon 
the township for replacing them. There'has been a constant increase in 
the expense of maintaining bridges across this stream during the last 
thirty years, until today it has reached a very large figure, and occupies 
a prominent place in the assessment of taxes. This is a matter that has 
affected the welfare of our township, and reduced its attractiveness as a 
location for maintaining a rural population, and still, in connection with 
our school system, the matter has never been a subject for any tuition 
whatever given to the growing boys and girls. 

The remedy for this condition is so apparent, so simple, and so log- 
ical in its application, that even children can appreciate it, and the 
importance of instructing them in a subject of such moment in connection 
with their lives, can hardly be over-estimated. 

The child has a right to be educated in a way to make it thoroughly 
acquainted with its own life in its environment, and in the terms of its 
life. In the prosecution of the forestry movement this is a matter of 
commanding importance. We may have never so good a theory of man- 
agement of forest cover of this country, but it never can be made a matter 
of practice until it shall appeal to a large majority of our people, as 
one of importance to them and worth their while to consider and know 
about. Notwithstanding the importance of this subject and its inti- 
mate relationship to the welfare of our people, those who have been 
planning our system of common school education and have been its 
sponsors, have scarcely touched this subject in their a<^tivities. Our 
State Department of Public Instruction has, in a sentimental way, called 
attention to the matter of Arbor Day, and plumed itself upon the great 
thing it had done. I am glad to find this much has been accomplished, 
even if it is so very little, because sentiment lies at the foundation 
of action ; but the merit of our proposition with regard to the importance 
of the forest problem, in the management of the commonwealth, has 
scarcely been approached in any proposition for the progress and better- 
ment of our primary schools. 

If the Academy of Science and the University and the Agricultural 
College desire to make their influence felt, they must adopt some system 
of educational extension which shall touch the common people, and the 
most promising method is to reach them through our common schools. 

At once the objection comes in, "you are trying to add another burden 
to the curriculum that is already too full." I deny the allegation ; our 
suggestion is to put into the curriculum something of real value that 
shall take the place of things, which have come down as a legacy to us 
from a time when school instruction was given to the few that they 
might be dictators of the masses. If we wish to give that kind of 
education which shall develop men and women in a manner to make the 
most of their lives, we must recognize in our pedagogic plan that, rela- 
tively, there is as much importance to be given a tree as to a Greek syl- 
logism; we must recognize as great an importance and value in a deal 
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board, as in a Latin idiom; and when we come to the development of a 
highly cultivated mind, we must admit the existence of as great value 
in the things that the child touches in his everyday life, out of which 
he can develop powers of mind and heart, as can be found in any books 
which deal with literature, philosophy, or psychology. 

My practical suggestion out of this is, that our best efforts shall be 
expended in bringing into our primary schools some method of awaken- 
ing an interest, and an enthusiasm in the investigation of the merits 
and details of the forestry movement, and that we shall deal in a 
simple way with the elements of forestry, that the philosophy and far- 
reaching influence may follow in the wake of our processes. 

All honor to the men who are willing to make studies of science for 
its own sake, but we must not lose sight of the fact that we are living 
in this world, and that a life of usefulness is an important factor in 
getting the largest measure of fruition from our undertakings; that 
while the greatest of all knowledge is the knowledge of God, in the 
development of the highest type of manhood, we must recognize as of 
infinite importance the solution of the problem of how to leave the earth 
in better shape, to evolve and support a higher and nobler plan of living, 
than heretofore existed.* 

In the highest expression of loyalty to God, we must not lose ^ight of 
service in giving utility to nature's facts and processes in promoting the 
welfare of the human race. 
Hon. Charles W. Garfield^ 

President of The State Forestry Commission, Grand Rapids. 
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FORESTRY PROBLEM OF MICHIGAN, FROM A BUSINESS 

MAN'S POINT OF VIEW. 

JOHN H. BISSELL. 

In reading Prof. Green's recent book on Forestry, I was much struck 
with its statement of the many uses of wood and forest products. I 
give it in outline. 

"Wood serves so many purposes and enters so largely into human activ- 
ities, that it may be said to be one of the most useful of all natural 
products. Think for a moment of its many and varied uses at the 
present time. 

"/n Carpentry, the rough material is used in frame work, sills, studding, 
plates, joists, rafters ; in sheathing, roofing, shingles, lath ; while finished 
lumber is used in siding, floors, doors, window frames, sash, blinds, stair- 
ways, filmiture, and fixtures of many kinds, mouldings, ornamental fin- 
ishings (solid and veneer). 

''For Railways, in wharves, piers, bridges, piling, etc., ties and culverts. 

^^In Shipbuilding its use is as general and varied as in house building. 

"/n Joinery y including furniture, cabinet and -box work. 

''In Making Cars, wagons and carriages. 

'^In Cooperage, barrels, casks, tubs, kegs, pails, churns of various kinds 
of wood. 

^^In the manufacture of farm and household machinery and implements, 
in wooden ware, baskets, parts of musical instruments, in machine build- 
ing. 

'^Timber for mining purposes is in great demand and enormous quanti- 
ties are required, so that mines are among the heaviest consumers. 

^^ Telegraph, telephone, electric ^light, and electric railway companies are 
heavy consumers. 

^^In Lumbering operations. 

^^Wood Pulp and Distillation products, in the manufacture of paper, 
boards, buckets, car wheels, and an infinite variety of articles. 

^^The destructive distillation of wood from which is obtained charcoal, 
vinegar, alcohol, creosote, gas, tar, pyroligneous, oxalic, acetic and other 
acids ; acetone, paraffin, naphthalin, lamp-black, etc. ; and from bark the 
tannic acid. Besides the bark, the saps are used to produce turpentine, 
resin, gums and rubber, sugar, liquors, and various medicines; the 
pith is used for food, and fibre for clothing ; the fruit and leaves of some 
trees are used for food, medicinal and chemical extracts." 

Surely it is a matter of the most serious concern whether the country's 
supply of timber is failing or not, and whether anything can be done 
by the individual or the State, to preserve the present stocks, to re- 
plenish some of the waste and depletion of the supplies — or utilize again 
the waste places, where once were forests, with the same most valuable 
crop. 

The superficial area of the State of Michigan, as given by the late Prof. 
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Winchell, is 56,457 square miles; or in acres, that being the unit most 
common to the thought of business people, 36,128,640 acres, besides 
404,730 acres of land on the islands belonging to the State, located in 
the Great Lakes. Total acreage 36,533,370. 

The number of small, or inland, lakes is something over 5,000, having a 
total acreage of 712,864. It may not be an unreasonable guess to say that 
the area covered by the cities, villages, highways, railroads, and rivers 
of the State, occupy approximately, 1,500,000 acres; taking this, with 
Prof. WinchelPs estimate of lake area, from the total acreage of the 
State, leaves 34,320,506 acres, as the approximate area of the State, avail- 
able for agricultural and forest purposes. 

The pine forests have been by far the most valuable, but the whole 
State was not covered with pine forests. There are twenty-three counties 
of the State where there was little or no pine. The approximate acreage 
of these counties, having no pine of commercial value, is 7,200,000, which, 
so far as pine forests are concerned, reduces the area of the State to 
27,120,000 acres. 

Of this 27,120,000 acres, a portion has been brought under cultivation 
as farms; — mainly, of course, on land formerly covered by hard wood, 
but some of it land which has grown pine. 

. The greater part of the land which was once so rich with its stand 
of the finest white pine, and Norway, is now waste, and much of it unfit 
for agriculture, and, so far as we can see now, never will be brought 
under cultivation. It is only fit for forest. Nature knew that ! But we 
we were talking about acres. 

Other parts of our 27 million acres were, and much now is, occupied by 
a stand of hard-wood forest. And from eighteen to twenty million acres 
of it were in pine. This you will see assumes that from 50 to 55 per cent 
of the acreage of the entire State was originally pine forest. I ask 
you to remember this approximate estimate of the pine area when we 
come to speak of the money values. 

As there are no mountainous regions in either peninsula of the State, 
there is no appreciable portion of this acreage not available for one 
of the two uses mentioned. 

In searching for some definite figures to illustrate in outline, the former 
wealth of the State in its forests, my friend, Mr. Dwight, loaned me a 
copy of "The History of the Lumber and Forest Industry of the North- 
west,", compiled by Mr. George W. Hotchkiss, published in 1898. Wher- 
ever I give figures or estimates of the amounts or kinds of timber cut 
and marketed, without references I am quoting from Mr. Hotchkiss' 
book. 

. The early settlement of Michigan was along its southern border. 
The southern counties of Michigan were originally clothed with dense 
forests of oak, cotton-wood, poplar, black walnut, cherry, bass-wood, 
maple, birch, sycamore, hickory and elm, with occasional "oak openings." 
All statistics, so far as I have been able to find, show that the products 
of the forest have been the most important factor in building up the in- 
dustries and wealth of the State, and more wealth has been created 
for use in industrial development of all kinds from the lumber industries 
than from any other. If this assertion is not true of all the States in 
the Union, it certainly is of Michigan, Wisconsin, Minnesota, and some of 
the provinces of Canada. 

6 
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About a half century ago, little or no importance was attached to 
lumber as an article of commerce. The early settlers were only concerned 
with the timber to build the log houses, stables, and sheds, or rail 
fences, and to get a supply of firewood, and the rest, when cut down to 
make room for the cultivation of the soil, went to the log-heap and was 
burned. 

As the pine (including the red pine or Norway) is the most valuable 
of the forest products of Michigan, and as its surpassing value has at- 
tracted more attention than the forest products of any other kind, what 
I have to say will be mainly with reference to pine forests. 

The virgin pine forests covered the lower peninsula of Michigan, inter- 
spersed with belts of hardwood (including in that term all of the broad- 
leaved trees), in the district north of a line drawn from Lake St. Clair 
through the center of Macomb and Oakland counties, across the south- 
western corner of Genesee, then through Shiawassee, Clinton, Ionia, 
Kent, to about the east line of Ottawa, thence running to the south, it 
passed through the eastern part of Allegan, the north part of Van Buren, 
to Lake Michigan, at about the north line of Berrien county. In the 
Upper Peninsula it was the predominating forest growth, alternating 
with belts of hard-wood forest, except some swampy places where, prob- 
ably, there has never been a stand of timber, and a few rough and rocky 
places south and west of Marquette. 

One other noticeable feature of the forest was the bottom lands of many 
rivers and smaller streams where there was a dense growth of cedar, aud 
a few swampy places or lake margins abounding in tamarack. 

The first authentic account of the use of pine as prepared lumber for 
the market, in Michigan, was about the year 1810, when a small mill 
was erected and operated in St. Clair county. 

It was not until 1830 that a saw mill was built in the Saginaw valley, 
which, with one or two mills just before that time built in St. Clair 
county, was the beginning of the operations in pine lumbering in this- 
State. 

The product of the early mills was entirely for home consumption, 
as there were then no railroads and no steamboats available for trans- 
portation. The early settlers of Michigan were aware of the fact that 
extensive pine forests existed in the Lower Peninsula, that having been 
known from the days of the Jesuit Missions and the first French fur 
traders; it was, however, not until after the civil war that there seemed 
to be any appreciation of the commericial value of such forests ; and it was 
not until about 1868 to 1870 that very extensive operations in lumbering 
were undertaken. 

In order to enforce the main point of my statement, which is the 
vast extent and value of the original pine forests, and the enormous 
contribution of wealth which their destruction has made available to 
the Michigan of today, I ask your attention to the best estimate I can get 
of the production of lumber in the various centers of activity in that 
industry about the State. 

The product of the land tributary to the St. Clair river, from 1867 down 
to 1896, is placed at 3,000,000,000 feet. 

The product of lumber in the region of which Flint was the center, in 
1867, was something like 68,000,000 feet and 40,000,000 shingles. The 
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production in that region reached the highest point in 1874. The total 
is set at 1,500,000,000 feet. 

In the Saginaw valley statistics were kept which give the cut of lumber 
from 1851 as aggregating 23,110,000,000. Besides the product in shingles, 
lath, pickets and other unreported uses, together with the estimate of 
the amount of timber cut and used locally, prior to 1851, gives a total 
of 30,000 million feet. 

A considerable factor in the timber product of the Saginaw valley, 
> was the square oak timber and stave trade, which in the ten years from 
1869 to 1879, was over 17,000,000 cubic feet, equal to 210,000,000 feet, 
board measure. This product alone was sold for about |3,500,000 on 
board the vessel at Saginaw ; and the stave trade, estimated from 1860 to 
1879, at an average of the prices then obtained, was nearly $3,000,000; 
so that from these two sources alone, the product of that region fetched in 
money, nearly six million and a half of dollars. 

This business was ended by 1880. 

The lumber production of the Huron shore, from Saginaw bay to Al- 
pena, is estimated at 12,000 million feet; the Cheboygan district about 
3,500 million feet; Grand Rapids and its neighborhood about 3,500 million 
feet; Grand Haven and the Lake Michigan shore have sent to the Chi- 
cago market about 50,000 million feet; the total reported output of the 
Muskegon valley, from 1873 to 1896, was 518 million feet, log measure. 
Allowing for the cut previous to 1873, the unreported cut of small up 
country mills, and the reported lumber freight of the principal railroads, 
Mr. Hotchkiss makes a total estimate of 25,000 million of feet. 

The White river (Whitehall -and Montague) are credited with 2,000 
million ; Ludington with a production of 3,125 million ; the Manistee river 
and region product is estimated at 8,204 million feet. 

In 1892 a committee of leading men of Manistee, in a memorial to 
Congress asking for improvement of their harbor, estimated that there 
was then 4,200 million feet of standing timber tributary to the Manistee 
•river. The timber tracts referred to were about the only extensive body 
of timber supply then remaining on the Lower Peninsula. 

The Green Bay, or Menominee, region production is put at 20,000 mil- 
lion, which is divided between the Wisconsin lands, 3-7, and the Michigan, 
forests, 4-7, the Michigan portion being 11,428 millions. 

The Manistique river on the Upper Peninsula has made a gross pro- 
duction of 4,000 million feet; Marquette as a center has manufactured 
and shipped 1,000 million; Ontonagon county 4,000 million; Houghton 
county 3,000 million; Baraga county 6,000 million. 

The railroads have hauled logs from the head waters of the several 
river systems, where floating was impracticable, and their tonnage of logs 
must be taken into the account. 

The F. & P. M. reports to 1896 4,920 millions. 



The Jackson. L. & Saginaw (M. C.) 
Det. Bay City (M. C.) about.... 

The D., L. & N. (now P. M.) 

The G. R. & L (Pa.) 

Of this latter, about one-half is credited to Cadillac and the mills in its 
neighborhood. 

The C. & W. M. (now P. M.) 2,600 millions. 



4,500 millions. 
1,000 millions. 
2,818 millions. 
6,000 millions. 
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There is a record of three sections, in the southwest corner of Missaukee 
county, and the southeast of Wexford, which cut respectively 27,324,000, 
28,824,000 and 28,715,000, an average of 44,200 feet per acre. 

Between the years of 1870 and 1880 the pine lumber business acquired 
an immense volume, exceeding 2,000,000,000 of feet in the aggregate in 
this State, and during that period had become the leading industry of the 
northwest. The production in 1884 had reached 8,000,000,000 ^f feet 
for the northwest, of which Michigan contributed nearly one-half. The 
highest point of production was reached in the year 1892, with a total 
fo 9,000,000,000 feet in the northwest, when the Michigan production 
reached fully 4,000,000,000 feet. 

Governor Jerome, in his inaugural message, January, 1881, estimated 
the annual lumber product of the State at 160,000,000. 

As I have quoted estimates given by Mr. George W. Hotchkiss, I should 
say that Mr. Hotchkiss was for nearly fifty years closely connected with 
the lumber interests, first as a lumberman, then for years after as pub- 
lisher or associate editor of magazines devoted to lumber interests; first 
with the "Saginaw Courier," afterwards with the "Lumberman's Ga- 
zette," and an editorial writer on the staff of the "Northwestern Lumber- 
man ;" and for many years was secretary of the Lumberman's Exchange 
of Chicago. After that he was owner of the "Lumber Trade Journal." 

In considering the estimates of the total volume of lumber production 
of this State, it is only fair to consider what may be called the bye- 
products of the forest, as lath, pickets and fuel, usually made from slabs 
and other waste of saw mills. The total of the amounts so utilized is 
estimated from the beginning of lumber operations to 1897 as about 3,000 
million feet. 

It is more difficult to make an estimate of the total products of hard- 
wood of the State, utilized in commerce and home manufacture, as no ex- 
act records have been kept, as there have been of the pine, during the most 
important years of its production and use; but it is estimated as about 
20 per cent of the pine, which would make a total volume of something^ 
over 25 billion of feet. Twenty-two of the southern counties of the State 
are almost exclusively in hardwood, and as early as 1837 there were 
435 mills in operation. 

The production of the cedar industry has been an important element 
in the lumber product of the State. Its use as railroad ties, posts for 
fences and paving, is estimated at 12,000 million feet, board measure. 
Of recent years hemlock has been freely used, as well as oak, for ties and 
for coarse building purposes. There has also been very extensive use of 
hoops, headings, and barrel staves of black ash, soft elm, red oak and bass- 
wood. The total production of all other wood than pine is placed at 
50,000 million, reduced to board measure. 

The total production of pine which we have outlined above is 161,475 
million feet, and with the estimate given for the hard-wood, cedar, etc., 
amounts to a total forest production for Michigan of 211,475 million 
feet. The average sale value at the point of manufacture taken as $13 
per thousand, gives: 

Pine $2,099,175,000 

Hard-wood, cedar, etc 550,000,000 

A total forest production for Michigan $2,649,175,000 
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Ihe pine estimate. 161,475,000,000 ft. 

The estimate destroyed 53,825,000,000 ft. 

Total pine 215,300,000,000 ft 

Hard- wood, cedar, etc 50,000,600,000 ft. 

Estimate destroyed 16,666,000,000 ft. 



Total hard-wood, cedar, etc. . 66,666,600,000 ft. 



Probable total of original forest 281,966,600,000 ft. 

The amount of pine estimated as destroyed $699,725,000 

The amount of hard-wood estimated as destroyed 160,000,000 

Total estimate lumber destroyed $859,725,000 

The statistics of the gold product of California during practically the 
same time, is given by the U. S. census as $1,330,000,000. 

THE PINE FORESTS OF MICHIGAN ARE NOW EXHAUSTED! 

As shown by the United States census of 1890, the cash value of the 
following natural products of .this country, namely, petroleum, coal 
(bituminous and anthracite), iron, gold, silver, quick-silver, lead and cop- 
per, amount to 519 millions of dollars. 

The value of forest products for the same year are given by the census 
as $1,035,000,000. 

It is well knowri that during the process of lumbering, and the clearing 
of farms, there has been an enormous waste of valuable timber. It is 
oftentimes asserted that as much has been destroyed in this way and in 
forest fires, as has been utilized. This, Mr. Hotchkiss seriously questions 
and gives as the result of his observation (for there are no records avail- 
able) that probably one-third as much pine and other timber has been 
destroyed as has been utilized for the purposes of commerce. 

What is the present condition of the lands from which this enormous 
crop of pine has been cut? Let us ask the census of 1900. 

The fifteen counties' comprising the Upper Peninsula of Michigan, have 
10,724,000 acres of land ; 654,000 acres, or 6 per cent, is in farms. Of this, 
215,000 acres are improved, 2 per cent, of the total area ; 94 per cent, of 
the whole is unsettled, and 98 per cent, of it unimproved. 

There are in the Lower Peninsula sixteen counties* having an area of 
6,001,000 acres, with 1,007,000 acres in farms, or 17 per cent. 

The area improved is 376,000 acres, or 6 per cent, of the total area. 
Eighty-three per cent, of these counties is unsettled, and 94 per cent, is 
unimproved. 
- These counties were the great pinery of the Lower Peninsula. 

There are seven counties* adjoining one or more of the sixteen just 
mentioned, with an area of 2,225,000 acres, having 799,000 acres in 
farms, or 36 per cent.; with 362,000 acres improved, or 16 per cent, of 

^Keweenaw, Houghton, Ontonagon, Gogebic, Baraga, Iron, Marquette, Dickinson, Menominee, 
Alger, Delta, Schoolcraft, Luce, Mackinac, Chippewa. 

'Cheboygan, Presque Isle, Montmorency, Otsego, Kalkaska, Crawford, Oscoda, Alcona, Iosco, 
Ogemaw, Roscommon, Missaukee, Wexford, Lake, Clare, Gladwin. 

■Alpena, Antrim, Midland, Arenac, Emmet, Manistee, Mason. 
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the whole. And of these counties, 64 per cent, is unsettled and 84 per 
cent, unimproved. 

Totaling the statistics of these thirty-eight counties, we have this re- 
sult. Total acreage 18,950,000 (about 52 per cent, of the area of the 
entire state) : Area in farms, 2,460,000 acres, which is 13 per cent, of 
the thirty-eight counties. The acreage of improved land is 953,000, or 
5 1-10 per cent., and the percentage of unsettled land is 87 per cent., 
and the percentage of land unimproved is 95 i>er cent. 

Of these thirty-eight counties, with 18,950,000 acres, 16,486,500 acres 
are unsettled, and 18,002,500 acres are unimproved. 

Why are these lands unsettled and unimproved? Simply because they 
are, in the main, uns.uited to the uses of settlement and improvement for 
agi'icultural purposes. But they have the finest soil in the world, with 
climatic and other conditions the most favorable, for growing, not for 
once, but for all time, the one crop that is most needed, as it is the most 
valuable that these lands can grow — The White Pine. 

.What should the State of Michigan do about it? 

I. Repeal all existing land laws. 

II. Acquire all pine stump lands, by making absolute all titles 
through sales for delinquent taxes, or by purchase at their actual present 
value; and by condemnation under the power of eminent domain, all lands 
necessary for the protection or improvement of the State's holdings. 

III. The enactment of a new Land Law : — 

Permitting no sale of public land except for actual homesteads, at a 
fair valuation. The sale of no land, until a thorough examination showed 
it was not needed for the State Forest Land. The survey and setting 
apart for State Forest Land all lands suitable by character and location. 
And the reclamation of the State Lands by replanting and thoroughly 
protecting the growing forest. 

IV. A policy of taxation to encourage private owners in the im- 
provement of their forest holdings, and one perfectly fair to the inhabi- 
tants of the counties where the State Forest Lands are located. 

In other words: The adoption by the State of a comprehensive, en- 
lightened and business-like public policy respecting forestry, and its en- 
actment into law. 
John H. Bissell, Esq.^ 
Detroit, Mich. 
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FI LIBERT ROTH. 

The needs of doing something, to conserve and replace our diminishing 
supplies of timber have been clearly set forth by Mr. Bissell in his 
admirable outline of the history of the lumber business in Michigan, 
its magnitude, its importance, its present decline. We have learned that 
of all the capital employed in Michigan in lumbering in 1890, fully 
one-half had left the State by 1900 and that the cut, of course, was 
proportionate in amount, to say nothing of its quality. We see at every 
hand the signs of shortage in a good home supply at reasonable figures. 
We meet the redwood and the cedar from the Pacific coast, side bv 
side with North Carolina pine and Louisiana cypress, filling our lumber 
yards, and we realize that even today this State is paying an enormous 
sum every yefar for a commodity, nay necessity, of which there ought 
to be plenty in our own State for all times to come. 

The matter is no longer subject of controversy and the only question 
now is: What can we do? The answer is: Conserve by right use and 
protection the little we have left, and replace the supply by protecting 
the growing stuff in our woods and on our wastelands, and by judicious 
reforestation wherever practicable. 

The conservation of remaining supplies is out of the hands of the 
State as a body politic. The forest is owned by private people and they 
cut as they please. High prices stimulate cutting; rise in prices en- 
courages holding and protecting. 

In the matter of growing timber, we may divide our forests into 
farmers' forest and the wild lands. Dr. Clark and Prof. Davis tell us 
of the farmers' lands. 

The case of the wild lands is distinct; the restoration of the forest 
is a business, a long time investment, with little of speculation and much 
affected by taxation and the possibility of protection against fire and 
trespass. Work in this direction will come, but it can not be forced, 
though it can be encouraged. But part of this wild land problem can 
be and should be solved by the State. The State is the largest holder 
of lands where reforestation is possible and necessary. The State holds 
about six million acres of tax-title lands, i. e., one-sixth of the entire 
land area of the State is "in soak" for taxes. For years the State has 
pursued the liberal policy of offering the lands for taxes or for purchase 
at very low rates, the minimum price to be "discretionary with" the 
officers in charge. That this policy does not meet with great success is 
evidenced by the fact that the lands are still unsettled. Nor is this 
policy without considerable expense. In five years the State expended 
about $800,000 in advertising and in handling these lands, without de- 
voting any of these funds to protecting the land against fire or in any 
improvement. 

At last the State has adopted a new policy and it has reserved a 
couple of townships of land as "forest reserve" and placed them in care 
of the State Forest Commission and provided for their protection and 
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improvement. A forest ranger, the first State official ever appointed 
to guard the forest, our greatest destructible property, was employed 
and the greater part of this property patrolled. A number of fires were 
put out before they had chance to take on serious proportions, and 
trespass and the destruction of the scattered timber and young growth 
was checked and largely prevented. The people of the district have 
assisted with a will and are evidently becoming convinced of 'the ad- 
vantage which the reserve is to town and county. 

Plant stock has been engaged; 50,000 tress are to be planted this 
spring and a large nursery will be established near Higgins Lake, where 
millions of young pine and other trees will be raised. 

The commission has just employed one more ranger and a forester, 
who will form the working force on the reserve this year. 

While this beginning is of great value, not only in itself, but more so 
as the inauguration of a new and right policy on the part of the State, 
yet it is necessary that more be done, that this first victory be followed 
up and that the right policy be applied to all State holdings. Especially 
is it necessary that the people of the State learn about this vast problem, 
this extraordinary opportunity for good, and that they express their 
will in the matter. 

There are many considerations which enter into this problem, and 
it is necessary that all of them receive their due attention. When the 
law establishing the reserve was up for consideration, there was of 
course much opposition. Aside from some minor points, the main objec- 
tions were about these : 

(1) The land should be settled; "we want the country built up and 
not a wilderness.'' 

(2) The land is all fit for settlement. 

(3) The worst of these lands are at least well suited to grazing. 

(4) The reserve does injury by withdrawing large bodies of land 
from taxation and thereby deprives town and county of the wherewithal 
to maintain schools and roads and perform the duties expected of polit- 
ical organizations. 

With regard to the first of these, I can do no better than quote Hon. 
Ghas. W. Garfield, of Grand Rapids, when he said: "The two great 
assets of the State are, first, its people, and, second, its lands," adding 
that it is quality more than numbers which is desired. If I may en- 
large upon this, I should say that it is certainly far better that farm set- 
tlement shall continue in a healthy growth, that we should invite good 
farmers to take the millions of acres of good land still to be had in this 
State, rather than to invite colonization by speculative methods which 
bring poor, inexperienced people on poor and difficult lands. We have 
all heard the shout: "Oh, but there are thousands of emigrants from 
the cold and ppor countries of Europe who are glad to get a chance to 
build up homes on these pinery lands.' But is it a great gain to the 
State if a lot of these poor people are colonized under conditions where 
we know they must remain poor and where a congregation of like peo- 
ple, as well as poverty, will almost compel them to retain their methods 
and prevent their becoming Americans? Is this not a matter of adding 
number rather than quality? 

Again we may ask : If only about two-thirds of the land of Southern 
Michigan has proven plow land, if half of Pennsylvania is not improved 
land, if three-fourths of Maine is woods or at least untilled ground, if 
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the vast pinery plains along the Atlantic still remain unsettled after 
centuries of effort, is it likely that our pinery lands will make an ex- 
ception and all be converted into flower gardens as by magic? Hardly. 
There is little doubt that in 100 years the greater part of these poorer 
lands will be still untilled just as in the older states and in the states 
of the Old World, and that only the real agricultural land will be worth 
farming then as now. 

There is still another point to be considered. The friends of forestry 
and of the present reserve law are not asking to have the entire district, 
an entire county or town, reserved; nor do they suggest for a moment 
that good agricultural lands should be held indefinitely as forest, espec- 
ially in districts where good lands are rather the exception and are there- 
fore all the more needed for farm purposes. The law enables now, and 
will always enable, the Forest Commission to sell and exchange these 
lands, so that whenever a real farmer wants to buy agricultural land, 
there will be little trouble of his getting the land. 

^'The land is all fit for settlement." I have suggested part of the 
answer. There is not a state of Europe where all land is tilled. A few 
years ago the foremost authority in England declared that the British 
Isles had enough waste land to raise the bulk of its own timber, instead 
of giving over 100 million dollars every year to other countries for its 
supplies. "Sand is sand," the farmer says, "and it never gets to be 
anything but sand." The farmers of the United States, thousands of 
them, have known about the pinery lands of New Jersey, Virginia, North 
Carolina, and our own as well, and yet they evidently felt afraid of 
them. Is not this wholesale testimony of the farmer worth all the theo- 
rizing in the world? I would rather take his testimony than all the soil 
analyses ever made. But the farmer says and says emphatically : "^o, 
it is not ail farmland, not by a good deal." But the chemist says the 
same, and what is worth more still, nature says the same. We find on 
these lands the plants characteristic of poor land. 

Now as to the sheep range. First, let me warn every state against 
converting large bodies of land into range and especially sheep range, 
unless a dry climate prevents doing anything else. But even in arid 
states, like Wyoming, Montana and Washington (East Side) the farmer 
has decided against unlimited conversion of lands into range. It was the 
clear-sighted and farsighted farmer of Montana, Wyoming and Washing- 
ton who found it necessary to stop the spread of the uncontrolled range 
business. He found the range changed to desert and he found land 
monopoly the strongest enemy of the settler, and so he passed a law 
which forbids the state from selling an acre of land, arid lands, mind 
you, for less than ?1Q, while here in Michigan we dispose of lands for 
from 10 cents per acre upward, and as lately as last fall sold the choice 
10 per cent of 80,000 acres at $1.25 per acre. 

But that is not all. Are these sandy lands grazing lands? No and 
yes. If a man has many acres to a sheep, it can find something almost 
anywhere. The sandy pineries of the south have been used as a range, 
but it is a poor business. To be of any value, grass wants good land. 
On many of our pinery lands, the sweet fern, the huckleberry and other 
persistent, long-lived ericaceous and other plants are rapidly crowding 
out what little there is of sedge and grasses. Let a few dry years come 
and help on the wrong side, and where will the grasses be? 

But even granted it is possible to use these lands as abftfiss^-^^6x\!^^ "^^s* 
7 
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has been reconi mended, what will become of them, and in what way 
will the conversion of millions of acres of these lands into sheep desert, 
after the form of the Luneberger lleide or the ranges of Utah and 
Wyoming, — in what way, I ask, will that help the State? Is this the 
upbuilding of Michigan? Is this the gi*eat development we hear of? 
To make a range of 100,000 acres support in labor a poor herder or two, 
in improvements a few sheej) sheds, and produce a crop of a few tons 
of wool and mutton. And is this the way we benefit our climate and 
make Michigan more hospitable? 

The fourth argument is sound. The State should not reduce the in- 
come of a town and county to a point whew it becomes impossible for 
a few pioneer settlers to maintain school and road and furnish protec- 
tion to life and property, the things which the State expects of those 
few scattered i>eople. If European states and if New York can pay 
taxes on forest i-eserves, surely Michigan can do something too. 

And now, what next ? The people of the State should know about 
this and express their wishes in the matter. If the friends of forestry 
are right, there should be no further waste of the second greatest asset 
of the people, there should be no more selling of lands at prices as here- 
tofore. A proper minimium should be set on these lands, and this ought 
to be at least half that asked by Wyoming, Montana and Washington 
for arid lands remote from the market and with scant and costly means 
of transportation. The tax title should be made good. But above all, 
the State should protect these lands against fire and vandal and give 
the young stuff which is now there and which may spring up in the 
future a chance to grow into something, to help replace the timber we 
so sorely need. In addition, the State should improve these lands as 
fast as it feels able. 

One word in conclusion. All this is not new. It is no experiment. 
New York and Pennsylvania are not only holding their lands but buying 
lands of this kind. Our neighbor state of Wisconsin has set aside all 
state lands as reserve, and a thousand years of experience in Germany 
and Switzerland and France has proven this to be right and based on 
sane, safe business principles. The thing is good, and it pays, and there 
is today before the people of Michigan an opportunity to increase the 
income of the people by millions of dollars, not for one year or few 
years, but for centuries, nay for all times, as long as our land and our 
people are together. 
FiLiBERT RoTH^ Profcssor of Forestry, 
University of Michigan, Ann Arbor. 
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FORESTRY PLANTATIONS IN MICHIGAN. 

E. E. BoGUE. 

lender this heading is included not only those plantations that have 
been made artificially but also those areas that have been managed with 
the idea of a future crop. Where a piece of land has been cut over 
and has managed to grow a second crop .amid the adverse conditions 
without some aid from man, it can scarcely come under this heading. 

It is the purpose of the writer to obtain data on this subject as fast 
as possible so that we may be able to compare as the years go by. 
Some student or visitor at the College every now and then tells me of 
some new plantation. In the preparation of this paper, Mr. Garfield 
has told me of several silvicultural areas of which I had not before 
known. 

For lack of dates these can not be considered in their chronological 
order. 

On a map of the State I have placed markers at the places where 
there are any silvicultural arieas of which I have any knowledge. 

We find that there are twenty-one plantations located in eighteen 
counties. 

Probably the largest area is that of the Cleveland-Cliffs Iron Com- 
pany, of which Mr. Samuel M. Higgins, forester for the company, writes 
me as follows under date of Feb. 15, 1904 : "There are of planted trees 
all in one plantation living at the close of the first season, in round num- 
bers, 20,000 Norway spruce, 500 Douglas spruce, 10,000 white pine, 1,000 
Norway pine, 500 Scotch pine. This plantation covers thirty acres. 
These trees will receive all possible protection, as will the 490,000 acres 
of timber land owned by the company. 

Of course, it is impossible to say how much natural reproduction there 
is on this land. Grand Island, of 13,600 acres, owned by the company 
is patrolled. It is the aim of the company to improve in every way pos- 
sible its fire protection service." 

These are the only areas on the upper peninsula known to me that 
are managed for a future crop. 

It seems strange that the people who live in that part of Michigan 
from which has been harvested the largest amount of the most valuable 
timber, and a part that is much better adapted by nature^ to timber than 
to farm crops, think least about reproducing another crop of trees and, 
furthermore, have no faith in, but, on the other hand, decided opposition 
to forestry. 

In the Lower Peninsula there are no plantations north of Saginaw 
Bay, except two that have been made on State land by State officials. 
The Forestry Commission has made a start on two and one-half town- 
ships in Roscommon and an adjacent half township in Crawford county. 

The plantation that tells us most about the reproduction possibilities 
in tl^ jack pine sand is that made by the Botanical Department of the 
College, under the direction of Dr. Beal in 1888. One acre of typical 
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jack pine land at Grayling, that had been thoroughly cleared of oak 
grubs, was planted to forty species and varieties of trees including all 
our likely and some of our unlikely native species, beside some foreign 
species. Among the notes made the same and the following seasqn, 1888 
and 1889, there is the statement that many of the trees failed to sur- 
vive the first season for such causes as drouth, cut-worms and blowing 
sand. Note was made that there was not much use in setting trees less 
than a foot high. After these trees had grown for fourteen years, the fall 
of 1902, according to my judgment, those that gave the most promise in 
order were white pine, Norway pine, Norway spruce, and red cedar. The 
Scotch pine grew vigorously for a few years and gave excellent promise, 
but the trees are nearly all dead now, while our native pines have grown 
on an average about one foot per year since they were planted. This 
is enough to show what species are most likely to thrive in such soils 
and in similar localities. 

At Hart, Oceana county. Judge Russell owns forty acres on which he 
proposes to practice forestry after the most annroved principles. 

In the city of Muskegon is a growth of white oak that has sprung 
up since the first crop was taken off, and with the moderate care 'that 
it has received has done well and promises to be of great value in the 
future. 

Not far from Holland, Ottawa county, is a piece of woodland where 
the young timber has been encouraged to do its very best and the man- 
agers are not disappointed. 

At Pier Cove, Allegan county, there is a plantation of Catalpa made 
by O. C. Simonds that has made what is considered a wonderful growth 
during the past eight years, but I have no further data at hand. 

In Kent county there are three groves or plantations under approved 
management. One of maple in Paris township, another in Byron town- 
ship largely cedar, and Mr. Garfield's plantation at Grand Rapids. Mr. 
Garfield's plantation wa« made in 1892. The trees were planted in 
rows and cultivated until the branches interferred. The species 
included elms, maples, birch, beech, locust, basswood, catalpa, ash, 
mulberry and others. The grass has crept in since cultivation ceased, 
but the trees are growing well in most cases. 

Near Bangor, in Van Buren county, there is a natural grove of white 
pine which has been protected and encouraged. 

On the old farm of Benjamin Hathaway at Little Prairie Ronde, 
Kalamazoo county, is a plantation put out some years ago for timber 
purposes and has been carefully protected since. 

In Liberty township, Jackson county, is a small plantation of white 
oak, made by Col. C. V. Deland, in which the trees are now from two 
to five inches in diameter at the ground. 

Near Howell, Livingston county, Mr. H. E. Reed has begun a planta- 
tion of white pine. 

At Bridgeport, near Saginaw, Mr. E. A. Ellis has a small plantation 
of walnut and butternut. , 

Near Greenville, Montcalm county, there is a fine reproduction of 
white pine that has been protected from fire. At the same place is a 
grove of chestnut trees about two acres in extent, formerly owned by Mr. 
James Satterlee. The trees are now about one foot in diameter, breast 
high. 

At Ann Arbor plans are made for planting eighty acres during the 
next few years. 
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Mr. J. O. Beal of Rollin township, Quaker P. 0., Lenawee county, has 
a small cultivated plantation and has improved the natural growth by 
filling in the open places with good species. 

At the Agricultural College, as early as 1875, Dr. Beal began planting 
an arboretum on the campus. It was less than an acre in area, but a 
large number of species was used so that we are able to see now what 
trees of those planted are likely to succeed in such soils and situa- 
tions. There are now about 1,200 living trees in this plantation and 
the largest are eight to twelve inches in diameter, breast high. Chestnut, 
locust, European larch, white pine, white oak and basswood are among 
the best in this plantation. 

In 1896 2.2 acres on the east end of the college farm were planted, 
by Dr. Beal, to white pine eight by ten feet apart. Although a part 
of the soil had been used for a gravel bank, the trees have grown vigor- 
ously, running up two to three feet some seasons. The same year a few 
pines and locust were planted in the open places in the woods, which 
have made a very satisfactory growth. In the spring of 1902 another 
small plantation near the pines was made. In this several species were 
used. 

The Forestry Department began in the fall of 1902 and in the spring 
of 1903, 7,000 trees were planted in pasture land and cut-over 
areas on the college farm. About 3,000 locust and 8,000 catalpa were 
grown for planting this spring and many thousand conifers were started 
in the seed beds in the forest nursery. 
E. E. BoGUE^ M. S., A. M., Professor of Forestry, 
Michigan. Agricultural College. 
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THE TREATMENT AND THE ECONOMIC POSSIBILITIES OF THE 
FARM WOODLOT OF SOUTHERN MICHIGAN. 

C. A. DAVIS. 

I. Whenever the farm woodlot is mentioned in a gatliering of farmers, 
or of other people who may be supposed to be interested in the subject, 
it is often the case that the mention is received with scant interest or. 
in many places, with none at all. On the other hand, it has been the 
theme of many an important and interesting paper, and much has been 
prophesied for it as a source of future timber supply for the State, and 
it may well repay us to devote a short time to the consideration of its 
present status in Michigan, the possibilities for the future, and to con- 
sider both matters from the economic as well as the strictlv technical 
point of view. As the result of presenting the matter before the farm- 
ers of the State at various times and places, the writer has learned that 
when the farm woodlot is mentioned, the average listener has imme- 
diately a picture arise before his mind's eye, of some particular woodlot, 
probably his own or his father's, a small tract of woods, which, in gen- 
eral, may be described as neglected. If it is of the type of the usual 
woodlot in the southern part of the State, the picture is not one to in- 
spire enthusiasm, for it will be that of a small tract of from a few acres, 
to perhaps, in unusual cases, IGO acres in extent, from which the best 
trees of the more valuable or more saleable kinds have been cut, and 
which now has a rather thin growth of old, branchy, gnarled and crip- 
pled veterans, the remnants of the original forest, and some younger 
growth of various sizes of pole stage, generally of inferior kinds, which 
have an unthrift}^ appearance and which are making small growth. Of 
the 3'ounger growth below the pole stage there is little, in spite of the 
fact that the crown-cover of the woodlot is thin, for the ground itself 
is usually 0])en to light and sweep of winds, and these have encouraged 
the growth of grass and weeds until the owner has been tempted to 
use the land for pasture for his stock and as a result, all or nearly" 
all reproduction of useful tree species is stopped. With such a picture 
in his mind, it is no wonder that the listener thinks at once that the 
woodlot is really a matter of no consequence and pays no more than 
perfunctory attention to whatever is said in regard to it. 

It is true that not all woodlots would present the picture that has 
been imagined, but it is probably true that for one better than this 
that would arise before our supposed average listener, several worse ones 
would appear. The whole subject of the treatment of the woodlot has been 
in disrepute, if we put the matter in concrete form, partly because the 
matter was considered of no importance and partly because no one 
has offered remedies which seemed to meet the needs of the case. 

Let us consider for a few moments, the status of the first of these 
contentions, namely, that the woodlot is a matter of slight importance 
to the farmers of Michigan, and so can be neglected. In the last report 
of the Secretary of State on farm statistics, that for 1902-3, the area 
of the land in farms in the State is given as 14,768,150 acres of which 
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10,199,767 acres are classified as improved and the remaining 4,568,383 
acres, as unimproved land, a little less than thirty-one per cent of the 
whole. This is divided throughout the State as fallows: Southern 
four tiers of counties, 6,940,323 improved, 2,268,476 unimproved, twenty- 
four per cent, of the whole. In the central counties the area of the 
improved lands is 2,188,862 acres and of unimproved 1,033,715 acres, 
thirty-two per cent, of the whole. In the northern counties there are 
877,223 acres of improved and 940,911 acres of unimproved lands, 51.7 
per cent, of the whole, while in the Upper Peninsula of the 518,640 acres 
of farms, there are 325,281 acres or 62.7 per cent. 

The significance of this set of figures is well worth our consideration. 
If it is true that nearly one-third of the area of the farms of the entire 
State is unimproved, it certainly is a matter of importance to the own- 
ers of these farms to give their attention to any plan for utilizing these 
idle or practically idle areas, which will make it possible to obtain 
increased income from them. It is fair to presume that a very large 
amount of the four and one-half millions of acres, rated as unimproved 
land, is woodlot, since one of the first improvements made upon farms 
in our State is, necessarily, to clear off the forest growth, and moreover, 
if land once cleared is left idle for any reason, it is soon covered again 
by a growth of young trees. 

In examining woodlots in various parts of the State the writer has 
come to the conclusion after careful consideration, that, in general, 
they may be rated as no more than one-half stocked, that is, they have 
no more than one-half the number of trees to the acre that shoulJi be 
present to put them in condition to produce the yield of wood which 
should grow upon the same area. That this rating of the amount of 
stock is high, rather than low for average conditions, is probably true, 
for, while we find a few tracts with sufficient growth and in good con- 
dition, the number of such in any part of the State, which the writer 
has visited, is not large compared with the number of those which are 
very poor. Again it is to be remembered that trees growing as they 
have to under average woodlot conditions, where the ground is swept 
clear of the usual forest litter and dried by the winds, where grass and 
weeds have come in, where the sunlight and heat can have free access 
to the soil, cannot grow as rapidly, upon even the best soils, as they 
would if growing under the conditions to be found in the denser forests. 
Hence the half stocked woodlot is not producing one-half as much as 
would the fully stocked one, but its production is diminished to from 
two-fifths to one-third what it should be. Let us consider the actual 
money value of the loss which the lack of productiveness in the woodlot 
entails upon our farmers. An acre of land fully stocked with thrifty 
trees of kinds most common in our State, should produce each year a 
cord of wood at least. Not every acre of woodland, even if fully stocked 
would produce that amount, but on the other hand some would pro- 
duce more, so we may assume that a cord to the acre is the product 
which is possible for every acre each year in a fully stocked woodlot, 
and while this is probably a low production for a woodlot which has 
been fully stocked and brought up to the best conditions, it is a fair 
basis for calculation. If the production should be a cord an acre per 
year and is actually one-third or two-fifths that amount, it means that 
the farmers of the State are unwittingly neglecting to add to their 
wealth a very considerable income. Assuming for tl^ft, ^X5ct^<^'^^ ^^ ^^^- 
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cussing the matter, that wood in this case has a uniform value of one 
dollar per cord, the 4,568,000 acres of unimproved lands might be yield- 
ing each year that number of dollars to our farmers, where now it is 
only yielding from 1,522,666 to 1,826,400, a net loss in income of from 
12,739,000 to 13,045,000, a sum, which, if it were proposed to add to it 
directly to the tax levies upon the farms of the State, would be con- 
sidered a very important figure indeed. But, someone will say, and 
perhaps justly, that in a large part of the State the farms have been 
settled so short a time, they are not yet fully cleared and developed, 
and hence any method of treatment looking towards keeping the unim- 
proved farm lands permanently in woodlot condition would be unwise. 
Let that be granted and only the older part of the State, the southern 
four tiers of counties be taken into account. Here there are 2,268,476 
acres of land which are, or ought to be, woodlot, since the land is unim- 
proved. This should be producing something more than two and one- 
half millions of cords of wood, but here it is that we find the average 
condition of the woodlot the lowest and one-third production is quite 
sufficient to allow for it ; on the other hand it is a region where there are 
abundant demands for wood, for all purposes, and where the popula- 
tion is dense enough to require large quantities of wood for fuel, so 
that the price per cord for wood is always more than one dollar, even 
on the stump. In fact in this region within the past year firewood 
sttmipage has been as high as |4.00 per cord for oak coppice, or small 
second growth stuff and good hard wood sells readily in the markets 
as high as $6.50 per cord, so $3.00 stumpage for fire wood is probably 
not too high an estimate to make, if we are making fire wood the basis 
of our discussion. This valuation makes it evident that the unimproved 
lands of this older portion of the State, where, in general, the condi- 
tions are pretty well settled, are, because of wrong handling, causing 
their owners a loss of four and one-half millions of dollars each year, 
and aside from this, the same owners are, many of them, buying posts, 
and ojher forms of forest products to the amount of thousands of dol- 
lars, which they might better be raising at home. 

If the above .figures have any value at all, they show, even at the 
lowest estimate, that the unimproved farm lands of the State in the 
aggregate may be a great source of loss or gain to their owners and 
to the State, and as they are now managed, they are the source of 
millions of dollars loss annually to that part of our commonwealth 
which can least afford to bear such a loss, and especially when the 
money might be piling up with little labor and expense, after once the 
work was started. 

Since the woodlot may become such a valuable adjunct to the farm 
it is worth while to consider what may be done to improve the average 
conditions so that every farm woodlot may reach something like a 
thrifty condition and approach the highest production. Immediately we 
are in difficulty, for we have such varied conditions to contend with that 
it is not possible to make a general prescription to fit them all. 

First it is necessary to consider that there are four well marked 
regions, fairly differentiated by the statistical information quoted at 
the outset of this discussion, in each of which the status of the farming 
lands is unquestionably different from all the others. Considering only 
the lower peninsula, there are three of these regions which in slightly 
different nomenclature may be considered as southern, middle and north- 
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ern. In the southern region the farms have generally been cleared for 
a period of years sufficiently long so the owners know the possibilities 
of all their land, the quality of the soil, its fertility, kinds of crops it 
is adapted to, in fact, practically all that they need to know about it. 
In the middle portion of the State the region has more recently been 
settled up, often the owners or occupants of the farms have only recently 
come to live on them and are unfamiliar with the possibilities of a 
larger part of their holdings. In the northern part a great matiy, if 
not the majority, of the farms are but partially cleared, and the owners 
have but very recently become established upon their farms, and know 
very little about them. In this region things are still in the pioneering 
state and as yet only the land is cleared and improved which is easiest 
to prepare for agriculture, and not that which is the best adapted for 
the purpose for which it has been selected. It is probable, therefore, 
that in the central and northern sections conditions are at the 
present unstable, that much land now uncleared will be in a short time 
brought under the plow, and that some now tilled, will in a compara- 
tively short time be allowed to return to the unimproved condition or, 
at the most, be kept as pasture land. In these regions, except in iso- 
lated cases, there is no idea as yet, of permanently setting aside a por- 
tion of the farm as a woodlot. In the southern section of the State then, 
where possibilities of the land are known and the capacity for crop 
production of all pai1;s of the majority of the farms have been thor- 
oughly tested, we would expect to find some areas which have been 
abandoned entirely and left to grow up again to trees. In this section 
it would be possible to plan deliberately for permanent woodlots and 
here actually are found some such plans already being carried out. It 
is also true, that in spite of what has been costly experience in the past, 
many farmers in this region are still cultivating land which in the 
majority of seasons, does not yield enough to pay for the time and 
labor expended upon it, and in very many cases, as may be seen about 
Ann Arbor and in adjoining counties, land is being cultivated which 
it is disastrous to plow at all, for, on account of its steep slope and 
loose character, it washes so badly, that not only is the hillside ren- 
dered worthless, but the better soil at the foot of the slope is buried by 
the coarse debris from above and made valueless. It is evident 
then, that we may class with the unimproved land of all parts of the 
State as available for woodlot purposes, that which has been improved 
and then found to be useless for agriculture. In the settled and stable 
parts of the State the lay of the land has much to do with the avail- 
ability of it, and with the per cent of it which can be utilized for farm- 
ing, and in the southern part of the State, as in other parts, we have 
certain well marked types of country. Most conspicuous in the vicin- 
ity of the great lakes is the level, or gently sloping plain, which is 
found to extend back from them for a greater or less distance. In this 
type of country, the soil is usually of sufficient fertility to warrant 
careful tillage upon the greater part of it. It is rich and well watered 
because of its gentle slope and soil composition, and there are no 
undrainable swamps or deep valleys with steep sides. In fact the only 
portions of this lake-plain region not suited for profitable agriculture 
are the infrequent areas of sand which are found upon it either in the 
form of long winding ridges or of broad sheets, which, where the depos- 
its are deep, make poor lands for most crops. The soil upon these flat 
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lands is then, generally too good for much of it to be devoted to wood- 
lots, and many farms lying in this part of the State are already entirely 
cleared and the clearing is progressing with every winter. On such 
land, it is probably true that it will never pay to grow timber for mar- 
ket or even fire wood in short rotation, but in such a flat region as 
that under discussion, where the winds have a wide and powerful sweep, 
there is hardly a doubt that windbreaks would often be of the greatest 
value in' preventing the drying out of the soil in the spring when the 
crops are starting, and again in the summer when drouth prevails, 
accompanied by high winds. This, however, is perhaps, not the place 
to discuss this phase of farm forestry, and I will not take it up. SuflS- 
cient to say, that this kind of land in the early days supported the 
finest hardwood forests occurring within the State, and the greatest 
variety of trees grew upon it, as is shown by the remnants now left. 
Parts of farms not under cultivation here could be made productive 
and profitable by planting them out to Catalpa for the production of 
posts and poles. In the southern and southeastern parts of the .State, 
we have in this plains region the only places where one of our most 
important rapid growing species, the chestnut, grows naturally, and 
chestnut plantations are unexcelled in the promptness with which they 
give returns. Along the streams which are here subject to rapid rise in 
the spring and during rainy times in the summer, the bottoms and sides 
of the valleys should become ready producers of most of our important 
hardwood trees, inclujiing the walnut, which makes its best growth in 
such places, the butternut, ashes, the rock elm, the honey locust and 
several of the oaks and what is probably the fastest wood producer, 
if quantity, not quality is sought, the cottonwood. These bottom lands 
now are usually given over to refuse trees and to pasturage, and since 
only coarse grasses and sedges grow in them naturally, and the moist 
soil gives encouragement to all sorts of weeds, the returns for the latter 
use are small, where from the right species of trees, they would be the 
largest possible, for here the best and most satisfactory conditions for 
tree growth are found. For such areas as are still found in the primi- 
tive condition, or rather with the remnants of the old forest upon it, 
and which it is desirable to manage as a fairly permanent source of 
wood supply for the use of the owner, the first recommendation that 
would be made would be to make improvement cuttings — i. e., to remove^ 
from year to year, as fire wood is needed, the old trees which have been 
crippled and have passed their prime or those which, it may be, are of 
poor kinds. All crooked and very bran<?hy individuals should be also 
cut out as occasion offers. This work of improvement should also 
include the examination of the young trees and whenever it is found 
that young and vigorous trees are being interfered with in their devel- 
opment by worthless kinds, or by poor specimens of good kinds, the 
young individual should be helped out by the removal of the competitor. 
Thus, if a thrifty young oak is growing up under a blue beech or hop 
hornbeam, it is certain that the latter two kinds will never make trees 
of any size, and yet they are likely to ruin the oak, unless the axe is 
used to prevent it. In these woodlots the shade is often very dense, so 
that but few species can be used for the underplanting. It is interest- 
ing to find, however, that certain species are here growing up naturally 
in the shade, and these offer suggestions to us as to what may be used 
for underplanting where it is desirable. The beech is a common tree 
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in the shade of the woodlots of the type mentioned, where the drainage 
is not too poor. The hard maple is also found and occasionally the red 
maple as well. Elm frequently starts and the white ash is not uncom- 
mon. Tt is doubtless true that some of the conifers would be tolerant 
enough to hold their own under such conditions, especially the Norway 
Spruce. It is in the openings in these old woodlots, however, that the 
best results of planting would be attained and here again, any species 
that would be desirable could be planted. Especial attention should 
be paid to the borders here, as elsewhere, and this is one of the most 
important matters, if not the most important. The soil should be pro- 
tected from wind, and this can be done best by developing a border or 
wind-screen and for this purpose the conifers are by far the best, the 
Norway spruce first, then the pines, two or three rows of them planted 
so that they will form a compact hedge. In such woodlots as those we 
are discussing, however, the windbreak is not so important as in dryer 
places, since the soil is naturally full of moisture and the growth usu- 
ally dense. 

Proceeding across this flat plain towards the interior of the State 
from almost any direction, we come sooner or later to a rolling country 
in which the surface is broken by ridges of low, rounded elevations, 
through which stream valleys of considerable size and depth break, and 
which are also characterized by great variety of soils and by numerous 
undrained depressions containing lakes or often only marshes or swamps. 
The higher ridges are more or less parallel in a general way, and be- 
tween them may be found broad plains and shallow, or narrow and deep 
valleys. This is what the geologists call the morainal region, and is made 
up of the material left by the melting ice of the glacial epoch of recent 
geological history. The soils of this region owe their varied character 
to their origin, since the ice in its movements was able to carry equally 
well all sizes of material, and when it melted, this was dropped in any 
order in which it happened to lie in the ice. 

It is evident that here there is a much more complicated condition of 
affairs than on the lake plain, for not only are the soils very variable, 
but the slopes and exposures have to be taken into account, as well as 
the drainage, which here is often peculiar. It is evident that in a region 
of such variable conditions, there is much more waste land, or untillable 
land, than in the plain. Even where the ridges fade out into flat areas, 
the conditions are still variable, for in some cases these were the bottoms 
of wide, rapidly flowing, temporary streams of water from the melting 
ice, which left in their bottoms only coarse sand or gravel, while again 
they are formed by the rapid melting back of the ice, and have a slightly 
uneven surface, in the bottoms or hollows of which, even though these 
are but a few inches deep, the water stands most of the time during 
rainy seasons, and hence makes them unfitted for crops. In general, 
the flat areas have less porous soils than the ridges, and hence are more 
fertile, but some of them are so sandy as to be nearly or entirely unfit 
for agriculture, as a permanent industry. With this very incomplete 
picture of this type of region, let us consider the woodlots upon it. The 
original forest was as varied as the conditions of the soil upon which 
it grew and the remnants of this, existing in the woodlots, are, there- 
fore, not by any means all alike either in condition or possibilities, and 
the prescriptions to be given in regard to them must be varied accord- 
ingly. It is evident that the woodlot on a ridge, would be of different 
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composition from that in an undrained hollow, and the ridge would be 
differently wooded if it were sandy than if it were clay, hence would 
need different treatment. However, the pai'tly stocked woodlot, of what- 
ever its soil and composition and drainage conditions, must first be 
prepared for restocking, and then the replanting or restocking can be 
done. Simple as this sounds, however, I am confident that the practical 
forester will find no more difficult problem confronting him, in woodlot 
practice at least, than our Michigan woodlots. It would seem perfectly 
feasible in the southern part of the State to underplant the oak growth 
of the ridges with hard maple, but in the whole region about Ann Arbor, 
and west, the hard maple does not seem to thrive under the same con- 
ditions which the oaks enjoy, and it seems probable that the two trees 
would not do for a mixture in the way suggested. For the dryer and 
more exposed slopes, the white and black and scarlet oaks and the hick- 
ories, especially the white hickory and pignut, seem to be well adapted, 
and while the white pine is not a native of the extreme southern part 
of the State, it does well when planted, and it is certain that it would 
thrive in places where the deciduous trees make but very poor stands, 
and it could be counted upon to give a good return. 

The first steps of the preparation for a better condition in the wood- 
lot of this region are practically the same as those of the plain area, 
but dven a casual inspection shows a much worse state of affairs existing, 
especially in the upland or forest types. It is not necessary to go into 
details, but it is sufficient to say that in most cases these bits of the old 
forest show that there is too much light reaching the ground and too 
much drying wind blowing through them. Especially on slopes facing 
the south and southwest is it true that these conditions are manifest. 
The effects are apparent in the dense growth of grass and other herbace- 
ous vegetation, in the scanty litter and compact, dry state of the sur- 
face of the ground and in the almost entire absence of any reproduction. 
It is evident that here the need of checking the sweep of the drying winds 
is much greater than in the moister and denser woodlot in the flat land, 
and a matter of the utmost importance is the establishment of a wind- 
break which should be more densely and carefully planted than in the 
lower land, on the north and west sides, at least. Here again the hardy 
conifers should be used if possible, but if it is not feasible to use them 
on account of the cost, then the growth of shrubs and low branching 
trees around the borders should be encouraged in every way possible. 
It is needless to say here that in no stage in the attempt at the improve- 
ment of a woodlot should grazing be aflowed, for if the woodlot is already 
poor, the cattle will make it worse, and if it is good, the pasturage will 
be so poor that no profit will result from its use, while the condition of 
the trees will be lowered. Following the establishment of the windbreak 
in the woodlot should come improvement cutting along lines already 
suggested, but here it must be done more carefully, since the crown 
cover is already too thin, and as little cutting as feasible should be 
carried on, probably only enough to remove dead trees and to free those 
in danger of being overtopped and permanently injured. If it is possible 
to plant in young trees of good kinds, this should be done, but it should 
be remembered that but few broad leaved types thrive under such condi- 
tions, and care should be taken to plant the hardier and drought re- 
sistant kinds. It is probable that the conifers may be used here to ad- 
vantage, and the Norway spruce and the white pine taken in preference 
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to other kinds for the purpose, although they cannot be expected to 
make so rapid growth as in more favorable situations. The principal 
preparation of the ground needed for best results with such plants, 
which should not be more than five years jold, and preferably hot over 
three for profitable planting, would be the removal of the sod from a 
small space, two to three feet square, and stirring the ground with a 
mattock or grub hoe to loosen it up, after which groups of two or three 
trees should be carefully set out; The number of plants to the acre 
would have to be determined by the amount of open space in the wood- 
lot and no specified directions in this respct are possible here. Seeding 
may also be resorted to, and here again the removal of small areas of 
sod, if this is present, must be resorted to, if there is to be any success- 
ful germination and development of the seed, for the seedling can hardly 
be expected to compete successfully with the grass, even if the seed gets 
moisture suflScient for germination. These small s^ed beds can be quickly 
made in the more open places and no farther attention need be given them 
after the seeds are lightly covered with earth. Oaks of several species, 
hickories and the red maple, as well, probably, as the walnut in moister 
places, might be estabjished at small expense in this way. On the north- 
ern slopes of ridges the woodlots are generally more thrifty and the soil 
more moist and in better condition, and there it is possible, with some 
slight encouragement, such as the stirring of the ground at the proper 
season, to bring about a natural seeding where it is needed, and planting 
is much more certain to be successful. 

The swamp woodlot next demands our attention, and here it is prin- 
cipally a matter of choice of kinds for the future stand, since if there are 
already trees present, it is a simple matter to regenerate the stand by 
removing the old trees and preyenting the development of undesirable 
kinds in .the reproduction. Here will grow the tamarack, one of our best 
conifers for making a rapid growth in very wet soils, the swamp maples, 
both of rapid growth and furnishing good material for many purposes, 
the ashes and elms, the basswood and the swamp oaks. All of these 
species are readily established, and once started, grow rapidly and soon 
reach such size that they may be used for firewood, poles or posts. Here 
also may be grown the poplars, including the cottonwood or Carolina 
poplar, a most rapid grower, and the European or white willow, which, 
for certain purposes, should be more widely used than it is. 

Lastly should be taken into account the swamps and partly open 
marshes of which there are thousands of acres scattered over the entire 
State, and especially in the region now before us. These lands are 
probably the least productive of any with which our farmer population 
has to deal. Some few of them, it is true, have the blueberry in them, 
but as few of our farmers are able to harvest the occasional crop of 
berries which they yield, even these are of little value. If forestry does 
nothing else for the State than to make it possible to utilize this type 
of land for some better purpose than it serves now, it will more than 
justify^the attention it has aroused. These lands are difficult to handle 
for tree growth, because of the flooding which they receive during the 
winter and spring, and this is in some degree the cause of the present 
condition of much of this land. A more potent cause, however, probably 
is to be found in the other plants which usually grow upon it, and until 
these can be disposed of in some way, little can be done towards the 
establishment of better conditions. The bush swamps are much harder 
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to deal with than any other type of open swamp, because of the difficulty 
of clearing them sufficiently to enable trees to start. To one who has 
never tried to penetrate one of these swamps in the summer, it is difficult 
to convey any adequate idea of the density of the shade which exists 
under the shrubs, but it is often nearly as dense as that in a good forest 
and quite as detrimental to seedling growth except of the most tolerant 
kinds. It is probable that to introduce desirable tree species into this 
sort of growth would necessitate the clearing out with a bush scythe 
or axe a certain amount of the bush growth. The clearing would prob- 
ably best be done in the form of strips, but if this were impracticable 
on account of cost, small open spaces already existing could be enlarged 
and the trees planted in groups in these. Burning to destroy the 
bushes is frequently resorted to, and if this is done at a time when the 
soil is not too dry, or better when it is wet, it might be a satisfactory 
way of clearing, althoitgh such fires, even when carefully set and watched, 
may result in the burning out of the peat and that most exasperating 
condition known as *'fire fall." If the burning is successful, trees should 
be planted in immediately, as if the soil is left uncovered, the willows 
and the other shrubs soon seed in again or sprout from the old stools 
and the new growth is more unprofitable than the old. Often in such 
places it is perfectly feasible to develop a tree growth where it seems 
that the water level is too high for the trees to grow, by building mounds 
by throwing up a few spadefuls of the soil or by planting on existing 
hummocks. These give slightly higher elevations than the general level 
and upon them may be planted a young tree with a good deal of certainty 
as to its thriving, where if it were planted at the general level it would 
as certainly not grow. 

If the expense can be borne, shallow ^nd narrow ditches could be run 
across the tract and the trees planted in rows upon the material thrown 
out. The species best adapted for such localities seem to be the tam- 
arack, which may be planted without preparation in any opening which 
occurs, the native spruces and arbor vitae for conifers, the soft maples, 
the Cottonwood, the vellow birch in the south and other birches farther 
north, and the elm. Other species of poplar than the cottonwood make 
a good start in such places, but they do not thrive unless drainage con- 
ditions are such that the water level may be slightly lowered. If the 
water level is lowered permanently even a few indies, the great majority 
of the swamp forest trees will grow in such places. If no improvements 
are to be made and trees started at the smallest possible cost, it is 
probable that the best thing to do is to cut branches from the poplars, 
the Carolina, the large toothed, or balsam, or the European white willow, 
from one to three inches in diameter and four to six feet long, and stick 
them into the ground at regular intervals. Most of these will take root 
and because of their height will be able to compete successfully with 
the shrubs and will soon overtop them. These species, because of their 
indifference to excessive moisture and ease of propagation, and because 
of their wood producing powers, are to be chosen before all others, but 
the black ash, the elm and the red and white maples might be used where 
somewhat larger cost of planting can be met. 

The economic importance of utilizing these lands is seen to be con- 
siderable, when we realize that a relatively large part of the unimproved 
farm lands all over the State are of this type, and if they can be made 
to produce firewood or pulp-wood, if nothing better, it will not only 



POSSIBILITIES' OF THE FARM WOODLOT. 63 

add to the wood supply along these lines, but also will mean added 
income to the owners of the lands. 

Before concluding, a word should be said with regard to the creation 
of new woodlots where none now exist. It has already been intimated 
that in some regions of the State land is now ranked as improved land 
which cannot be made to produce crops which return a fair profit for 
the owners, that is, the land is maintained in the improved condition 
at a positive loss. If Michigan were the only State in which this is true,, 
and there were no other experience than our own to turn to, it would 
not be quite safe to discuss the matter at this time, but in the older parts 
of the country and in Europe we see that land which was cultivated at 
an earlier time is now abandoned as plow land, and rightly so, because 
under existing conditions, it is impossible to make the crops which will 
grow upon it pay for the culture given the land. So with us there are 
barren spots and steep hillsides, ravines and undrainable hollows, which, 
if their owners were wise, they would convert into tree bearing areas. 
There are many steep hillsides in the vicinity of Ann Arbor upon which 
so much gullying has been done by rainwash in the past five years that 
it is doubtful if the attempt were made to replace the earth in the ravines 
formed, if it could be done for the value of the whole fgfrm.- In such 
places hundreds of cubic yards have been washed out of the hillside 
and deposited over the flatter areas at the base of the slopes, thus often 
badly damaging these as well as the slopes. In the case of barren hills 
or sandy tracts, again the cost of handling is rather more on the average 
than the returns, and such lands are best left alone, and more intensive 
farming don6 on the better soils by the owner, and the poorer steep 
tracts covered with trees which may be seeded or planted in, and which 
would soon begin to return a profit from what is now unprofitable land. 
For planting the hillsides, the locust is excellent, since it is hardy and 
a rapid grower, and makes a most excellent and durable post timber. 
With the locust other species might be planted, the kinds depending 
upon the exposure, the steepness and dryness of the slope, and the kind 
of soil. The planting should be carried up over the brow of the slope 
and made at least several feet wide, on the flatter land above the slope. 
At the bases of such slopes the hardy catalpa may be planted to ad- 
vantage, and if it were considered undesirable to plant the locust alone, 
both the black and the white oaks are able to make good growth in 
such places, and should give excellent results, especially if handled as a 
coppice with the locust. If coniferous trees were desired, the red cedar 
will grow upon the most barren and exposed slopes,* but makes poor and 
slow growth, and in most cases it will probably be possible to establish 
the Norway spruce or the white pine, either pure or as a mixture with 
the locust and oaks. 

It will be seen from the foregoing discussion that the solution of the 
problem of the woodlot in Michigan is not a simple matter, nor one that 
is to be lightly put. aside, but on the other hand it should receive full 
and careful consideration, especially from the farming population of the 
State, and from those who have an interest in forestry. 

While it is probably not the place here to take up the question of 
markets, it may be pertinent to say that as the natural woods of the 
State are exploited and exhausted, more and more of the timber used 
will be derived from farm woodlots and farm plantations. A marked 
tendency in this direction is already in evidence, in the efforts made 
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by the manufacturers of hardwood lumber to secure the small amount 
of good material which still may be found in our southern Michigan 
woodlots, and in the announcement that one large manufacturing con- 
cern will, in the future, depend entirely up*on woodlots for the lumber 
used by it. Such indications should not be neglected, but rather should 
stimulate owners of land suitable for woodlots to put them into the 
best possible condition to insure a maximum productiveness of the best 
kinds of timber which they will grow, for, in the light of the experience 
of other countries, and of other parts of our own country, the time is 
rapidly coming, when a considerable per cent, of the lumber used in 
any locality will be home grown, hence the woodlot will fill a very dif- 
ferent economic place from that which it occupies at present. 
C. A. Davis^ Department of Forestry, 
University of Michigan. 
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COMMERCIAL FISH AND FISHERIES. 

FRANK N. CLARK. 

The fisheries of Michigan are no inconsiderable part of its wealth; to 
Foster and develop them that its inhabitants may have a desirable, whole- 
some, and cheap food, is well worthy the consideration of its people. 

That the subject is a growing one, cannot be denied, and is further 
borne out by the interest your society is giving the question. 

I was requested by one of your members to address this session on 
the value of the fisheries of the Great Lakes in Michigan waters; their 
decrease and causes, and what means were being taken to replenish the 
stock . ( Remarks. ) 

The value of the fishery products for the years 1899, 1900, and 1901, 
was respectively, 1936,453.07, |881,002.40, and $1,133,839.86. The total 
investment in visable property for the same years was respectively, f 1,- 
252,782, 11,237,120, and |1,466,502. The total catch in pounds of fish 
for the same period was 38,431,954, 34,011,105, and 38,259,905. This 
represents the. total fishery products of all kinds from Michigan waters. 

That a decrease in the catch of whitefish for the eleven years prior to 
1902 was very marked can be readilv seen by an examination of table 
No. 1: 



TABLE NO. 1. 



• 



1891 ' 8,110,387 

1892 6,347,535 

1893 5,345,800 

1894 4,469,755 

1895 3,335,187 

189(5 3,783,634 

1897 4,639,014 

1898 4,101,920 

1899 3,640,574 

1900 3,460,280 

1901 4,173,395 

In passing it might be well to state that through the courtesy of the 
Michigan Fish Commission, I am enabled to give the reports of the 
products of the Michigan fisheries for the eleven years previous to 1902. 

For comparison, I have deemed it expedient to take into considera- 
tion but two of the principal fishes, viz. : whitefish and lake trout. 

The decrease in the catch of whitefish continued from year to year, until 
1895, when the low point was reached. (Remarks.) 

Your attention is next called to table No. 2 for the catch of lake trout 
in Michigan waters. In this table it will also be noted the low point was 
reached in 1895 : 

9 
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TABLE NO. 2. 

1891 9,132,770 

1892 8,859,899 

1893 '. 8,948,500 

1894 7,291,295 

1895 6,293,545 

1890 6,899,877 

1S97 6,580,454 

1898 6,494,965 

1890 6,505,770 

1900 6,458,870 

1001 7,388,670 

Many of the causes for the depletion of the waters have been laid at the 
door of the commercial fishermen, and no doubt justly so to a great ex- 
tent, but we must not blame them for all the wrong committed. (Re- 
marks.) 

Forty or fifty years ago neither the people nor fishermen gave any con- 
sideration or thought but that the great supply of fish would still hold 
out and continue for all time, and therefore all that came to their net 
was the catcher's plunder, but in time a decrease was apparent; it then 
became evident that means must be taken to check this decrease, and 
protected propagation, with what has been supposed to be beneficial laws, 
were suggested. Many of the laws were enacted and enforced as well as 
could be expected with limited means and men. 

The catching of young and immature fish probably has been one of 
the greatest causes for depleting the waters. We have laws regulating 
the size of fish that may be caught, but they are not adequately enforced. 
Millions, no doubt, of young whitefish are caught annually, so small that 
four will weigh but one pound; thus only one pound of inferior food is 
furnished, whereas could they have been retained in their pastures until 
mature, there might have been twelve to twenty pounds of good food. 
(Remarks.) 

Sewage from cities and towns, drainage from cleared lands, sawdust 
from mills, and bark from logs, have much to do with the decrease and 
interference with the speedy repopulatinjr of the waters of the Great 
Lakes. When our scientists, sanitarians, and health authorities take up 
the problem of sanitation and solve it as it should and will be, so that 
practically no impurities enter the waters, then we may look for the 
restoration of the feeding and spawning grounds, at least partially so, 
and our fish supply will increase correspondingly. 

To give an illustration of the injury sewage from cities, rivers, and 
mills will do to fishing gi'ounds, conditions that prevail to a large ex- 
tent at the present time, I cite the City of Alpena, Mich., situated at the 
mouth of Thunder Bay river, near where it empties into Thunder Bay. 
The sewage from the city and river flows into the bay, and in former 
days, sawdust, and bark from logs. This has existed for many years, 
until, no doubt, the bottom of the bay is literally covered with this 
foreign matter. (Remarks.) 

Formerly large quantities of whitefish were caught in all parts of thm 
bay, and even in the river, but today no nets are set on the north shore 
nearer than nine.miles from the mouth of the river. No doubt this bay, 



COMMERCIAL FISH AND FISHERIES. 67 

in its primitive naturalness, was one of the best spawning and feeding 
grounds on the chain of lakes. Many other like conditions might be 
cited, but I will not weary you with further illustrations. 

Limiting the spawning grounds by polluting the waters in the manner 
mentioned, and a consequent enforcement of the fish to cast their spawn 
in unsuitable places, doubtless has much to do with the shortage. 

It is a self-evident fact that good feeding- and spawning grounds can- 
not be maintained with constant accumulations of materials which are 
thrown into the waters by sewage from cities, factories, and mills. 

By many it is believed that taking the whitefish and lake trout from 
the waters during the spawning period has much to do with the decrease, 
and the catching of these fish at this time is often censured, but it will be 
observed that no more eggs are destroyed then than would be if caught at 
an earliei* period, though their ova are ready for casting which would pro- 
duce many young fish in the course of a few months, the stock is no more 
diminished than would be the case, were they caught in August instead 
of November. (Remarks.) Doubtless, all these causes have been means 
to the end, but in my judgment the two great evils are the catching 
of ^mall and immature fish, and a pollution of the waters by sewage. 

It is twenty years or more since the first whitefish were planted in 
Michigan waters of the Great Lakes, the first few years in very limited 
numbers. Of the two billion and over that have been planted, more than 
one-half were deposited on the Detroit river and Lake Erie, and the bal- 
ance scattered through the waters of the other Great Lakes. 

In order to show what means have been taken to replenish the waters, 
and the probable results, I call your attention to table No. 3, which 
shows the catch of whitefish for the eleven years prior to 1002 in what is 
known by the Michigan Pish Commission as the first district, which 
comprises the waters from the Ohio state line to Lake St. Clair, or prac- 
tically Detroit : 

TABLE NO. 3. 

1891 144,355 

1892 123,050 

1893 61,000 

1894 74,000 

1895 104,300 

1896 59,000 

1897 146,950 

1898 107,660 

1899 314,814 

1900 251,410 

1901 281,200 

The increase in these waters begins in 1894 and though a small catch 
was made in 1896, it was doubtless due to unfavorable wind conditions or 
water temperatures. (Remarks.) Attention is called to the increase 
from 1893, when only 61,000 pounds were taken, to the year 1899 when 
314,814 pounds were caught, an increase of over 500 per cent., but taking 
the increase from 1892 to 1901, the average is over 100 per cent. 

During this period the close season was observed only in Canadian 
waters of Lake Erie and Detroit river, and not every year at that. Theiie- 
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fore, it would seem reasonable .to attribute most of the increase to 
protected propagation. (Remarks.) 

Since 1898 the work of hatching and planting the commercial fishes 
in the Michigan waters of the Great Lakes has been wholly confined to 
work of the United States Fish Commission, now known as the Bureau 
of Fisheries, Department of Commerce and Labor. (Remarks.) 

It has been the aim of the bureau to extend this work so far as the 
limited appropriations will permit. At present the government main- 
tains two regular stations or hatcheries and three auxilliaries in 
Michigan. 

The method used in the collection of whitefish eggs is to seine as many 
parent fish as possible from the spawning grounds of the Detroit river 
at the approach of the si>awning season and hold them in crates (re- 
marks) until ripe, when they are stripped and the eggs transferred to 
the Detroit hatchery, and develoj)ed to the eyed stage ; a portion of them 
are then distributed to the auxiliary stations for hatching and planting. 
The remainder ai*e hatched and planted in the Detroit river. 

Since the inception of the work our vearlv collection of whitefish eggs 
has been from 200,000,000 to 350,000,000, which were nearly all hatched 
and planted in Michigan waters. 

Operations for the collection of lake trout eggs have been conducted 
principally at Beaver Islands and Manistique in upper Lake Michigan. 

Fishing for lake trout is done with tugs and gill nets. The eggs being 
stripped from the ripe fish as soon as taken from the nets and transferred 
to the Northville station; developed to the eyed stage, then all dis- 
tributed to the auxilliarv hatcheries for hatching and planting. Our 
annual collection of lake 'trout eggs is from 10,000,000 to 30,000,000. 

The auxilliary stations are located in close proximity to the best plant- 
ing grounds, and the object is to obviate the transfer of large quantities 
of small fry for long distances and take the risk of loss.. They are much 
more easily transferred as eggs, and the fry are planted in much better 
condition. (Remarks.) 

To extend this work should be the aim of the national government. 
And to abolish some of the present useless laws, and a rigid enforce- 
ment of the remainder, should be the duty of the State, and an exhaustive 
research for some system of disposing of sewage without polluting the 
waters, should be commenced. 

The amount of living fish germs that may be brought to life and 
planted in waters, is no harder problem to solve than to develop a given 
quantity of electric power, provided the parent of these germs is taken 
at or near the harvesting time. We can as well turn out billions of 
young fry as millions, if means are forthcoming for the work. 
Frank N. Clark. Supt. of IJ. S. Hatchery, 
Northville, Mich. 
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THE BENEFITS OF THE PKOPAGATION OF GAME FISH TO 

THE STATE OF MICHIGAN. 

F. B. DICKERSON. 

Michigan speuds annually about |35,000 for fish propagation, all of 
which is expended in opr inland lakes and streams for propagation and 
planting brook trout, rainbow trout, small and large mouth bass, wall- 
eyed pike, and one or two other species. Does it pay? It is a difficult 
matter to get at the actual benefits received, for the amount of money 
expended by the thousands of fishermen^ who come from other states is 
not get-at-able. In considering this question from its practical side, we 
should not lose sight of the source of profit resulting from the stocking 
of our inland waters with choice varieties of game fish. For years there 
has been a constant and increasing stream of non-resident sportsmen 
pouring into the State, seeking our lakes and streams for the sport they 
afford the angler, and this class of pleasure seekers leave annually vast 
sums of money within our border. 

Some three or four years ago I was interviewed by a newspaper re- 
porter on this subject, and I gave it as my opinion that the State added 
at least one million dollars annually to its wealth — money brought into 
and left in the State, by persons living in other statef^?, on account of 
the reputation our State has for its good fishing. This interview 
attracted some attention, and I received several letters on the subject 
from men who were in a position to judge, and some of them said that 
my estimate was not half high enough. 

The Grand Rapids & Indiana Railway estimate that $300,000 is re- 
ceived by their road during the fishing season alone each year, not from 
tourists, but from people who go fishing. Other roads have given their 
estimates also, so it is an easy matter to make a pretty close guess as 
to the amount our State is ahead each year on account of our beautiful 
lakes and magnificent streams. Railroad fare is the smallest part of a 
fishermen's expense, and while the railroads are gi'eatly benefited, and 
aid the work of the commission all they can, they receive but a small 
portion of the money expended. For example, we will say that a man 
from Toledo goes for a week's outing to the Manistee river. His fare 
would be about $12.00, but his trip has cost him at least |60.00, all of 
which, except fl2.00, he has expended for teams, provisions, tents, boats, 
guides, etc., so that the people in the vicinity to which he goes have 
benefited to the amount of |48.00, while the railroad got but |12.00, 
and I have underestimated the average expense. If, therefore, $300,000 
is expended annually for fare with the Grand Rapids & Indiana Railway, 
it is safe to say that at least one million dollars more was left in the 
State by patrons of that road alone. This, however, is but one of several 
roads that distribute literature all over the country, advertising their 
road as the "fishing line." Besides, the boat lines carry thousands of 
people, so it is a conservative estimate to say that Michigan is the gainer 
by at least four to five million dollars annually on account of its reputa- 
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tion for good fishing. The eonmiiRsioner of Indiana wrote me he was 
sure that at least |200,()0() of Indiana fishermen's money was expended 
in our State every year. 

The questicm may be asked: *'^What part has the Fish Commission 
played in this?-' When the commission was ci*eated there were but two 
or three streams in the extreme northern part of the Lower Peninsula 
in which brook trout were native ; today there are 1,500 streams in which 
they will be found, and in several hundred of them good fishing; besides, 
bass, wall-eyed pike, lake trout, etc., are found in a large number of 
lakes where thev were not before. It is the direct work of the commis- 
' sion that has made the State famous for its trout fishing. If any in- 
dividual or corporation owned the whole Statp, they would spend a 
much greater sum than is allowed the commission, simply as a business 
proposition. But the commission does not in reality cost the State a 
dollar. Aside from the gi*eat amount of money it is benefited by, as I 
have shown, it is actually ahead in the amount of taxes collected by 
reason of the work of the commission. To prove this, I will take one 
stream with which I am personally familiar as an example. About 
twelve miles below Grayling, on the Au Sable river, there are several 
families who live on what they get out of the fishennen. This is known 
as Stevaus settlement. For several years they had no school because 
the lumbermen had stripi)ed all the land of pine, and the land had re- 
verted back to the State for delinquent taxes, and there was nothing 
with which to support a school. Within the last three or four years every 
forty acres, for twenty miles along this stream, has been taken up by 
fishermen, taxes are paid on the land, and last year they had seven 
months of school in that neighborhood. What is true of this stream, is 
true of a great many others, and I assert, without fear of contradiction, 
that the State today is collecting in cash, that it would not otherwise 
collect, more taxes on account of the work of the Commission than the 
Commission costs the State. 

It is stated in the Maine reports that the fish and game are about as 
valuable to the state as the agricultural interests. The reports of the 
state of New York show that $5,218,210 was expended last year in the 
Adirondacks alone, by tourists and sportsmen. True, a great propor- 
tion of this is expended by summer visitors at the fine hotels, but what 
has l)een the means of building so many little hotels and summer resorts 
in northern IMichigan if not the fishing? Senator Gurney stated, on the 
floor of the Senate, that a fine hotel had been built at Hart, Oceana 
county, because so many fishermen came there. The Indian river, for 
instance, is strung with cottages from one end to the other, and all on 
account of the fishing, and they all pay taxes. Yet some people grumble 
l)ecause the State ai)i)ro]iriates |35,000 for the propagation of fish. Fifty 
thousand dollars a year ought to be put into the regular budget so that 
the Commission could know what they could depend on from year to 
year and plan ahead accordingly. It has been stated that an acre of 
water will produce as much food as an acre of good land under favorable 
conditions. In many places like Saginaw Bay, Thunder Bay, Green Bay, 
etc., one acre of water supplies as much food as a half dozen acres of 
land, but, like the land, if water is not planted, fei-tilized, protected and 
cared for, it will run out and become non-producing, and weeds will grow 
where food ought to gi'ow. 
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Thus far I have spoken of the benefits in a financial way only. The 
rich plains and rolling woodlands of Michigan are traversed everywhere 
with an interlacing network of rivers and streams and dotted with 
countless beautiful lakes capable of affording the farmer, if properly 
stocked, with fish, a pleasing variety for his table, and opportunity for 
pleasant outing for himself and family, which will relieve the monotony 
of daily life; and what do dollarei and cents count when compared with 
the benefits in health and recreation that our own people receive. This 
is worth more than it costs to maintain our game fish, worth more than 
all the millions that lovers of the art from other states spend among 
us. The man who loves fishing enjoys better health and lives longer 
than he otherwise would, and when he dies he will die happier than he 
otherwise would, I believe. 

The value of the propagation of game fish in Michigan cannot be esti- 
mated in dollars and cents. 
Mr. F. B. Dickerson, of the Fish Commission, Detroit. 
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GAME ANIMALS. 



C. H. CHAPMAN. 



There is an inborn natural passion in the human breast for hunting. 
Undoubtedly an inheritance from our ancestry, who, with a girdle and 
animal skin as the only articles of clothing, procured their living by the 
chase. To every noble mind the solitude of the deep forest, the running 
brook and a closer communion with nature inspires good and beautiful 
thoughts, good acts and deeds, and leads on to higher ideals of life. 



"Read sermons in the stones 
Books in running brooks, 



And good in everything. 



it 



The inspiration drawn from Nature's great and undisturbed works 
where the animal has his home circle is best portrayed by the lines of 
the poet : 

"I walk down the valley of silence, 

Down the dim, voiceless valley — ^alone; 
. And I hear not the fall of a footstep 

Around me, save God's and my own. 

And the hush of my heart is as holy 
As hovers whence angels have flown. 

In the hush of the valley of silence 

I dream all the songs that I sing; 
And the music floats down the dim valley 

Till each finds a word for a wing 
That to men, like the dove of the deluge, 

The message of peace they may bring. 

And I have seen thoughts in the valley — 

Ah me! how my spirit was stirred! 
And they wore holy veils on their faces, 

Their footsteps can scarecly be heard; 
They pass through the valley like virgins. 

Too pure for the touch of a word.' 



It 



The two peninsulas of Michigan, with a coast line of over two thousand 
miles, much greater than any other state in the Union, have been, during 
and since the prehistoric age, the natural home of a great variety of ani- 
mals. Before the arrival of the white man, the most destructive to all 
animal kind. Nature provided an abundance of wild life. Clearing the 
forests and subduing the lands has been the cause of a steady encroach- 
ment upon the haunts of the once very plentiful game animals of Michi- 
gan. In many of the southern counties there yet remains some of the 
smaller game, not entirely exterminated by the removal of the forest 
growth and draining of the swamps and marshes. The zone for large 
game in Michigan has moved to the north just in proportion to the ad- 
vance of man upon the great tracts of timbered lands and the bringing 
up of the rear guard, the agriculturalist. The upper portion of the 
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Lower Peninsula yet abounds in much of the larger game. However, 
to find all the varieties once so abundant in both penisulas, one has 
now to go to the deep primeval forests of the Upi)er Peninsula. There 
can be found an occasional elk, moose, and caribou, nearly all driven 
from our forests never to return in a state of nature. Tlie fate of the 
deer, now plentiful, is fast approaching that of the wapiti and other 
big game. During the hunting season for 1903, twenty thousand deer 
were killed in Michigan, and of this number sixteen thousand were 
shipped from the Upper Peninsula. 

To the woodcraftsman the howl of the wolf, the bark of the fox, 
the scream of the lynx and an occasional panther, the grunt of the 
bear and the snarl of the bob cat are all familiar sounds. The beaver, 
mink, marten, fisher, otter and muskrat are yet found in limited num- 
bers. The porcupine, skunk and the ground hog are everywhere. As 
the wolf, bob cat and lynx have disappeared, the deer and rabbits have 
increased. The large bounty placed upon wolves by the State has greatly 
decreased their number, and it is hoped that the time is not far distant 
when the last wolf shall have disappeared from the State. The largest 
pack of these forest robbers remain in the vicinity of the inland lakes 
south of the pictured rocks of Lake Superior, where the deer yards are 
large. The cunning knowledge and habits of the wolf surpass that 
of any other animal of the forest and approach almost human intel- 
ligence in some things. An old hunter and trapper recently related 
what he claims to have seen twice during his stay near those great 
precipices, known as the Pictured Rocks, and to those who are familiar 
with the knowledge and habits of the wolf, it will not appear improbable. 
He stated that upon each occasion he took a position high up in the 
branches of a tree where he could, without difficulty, witness the move- 
ments of a pack of the crafty animals. The snow was soft and the 
deer could easily keep out of their reach, until the wolves formed a 
picket line with right and left flanks extending to the high ledges of 
rocks and the center of the line forming a great bow and reaching far 
south toward the yards. Scouts would chase a deer out of the yards 
and through the lines and the instant the timid little animal crossed 
the picket enclosure, the nearest wolf would howl, and the howl would, 
in turn, be taken up by each succeeding wolf in both directions and car- 
ried along until the signal reached those on the extreme right and left 
flanks. With a constant howl from every throat the line was rapidly 
closed up, and the frightened animal was forced nearer and nearer the 
precipice, until the only hope left to escape was to jump, and the body 
of the deer was seen to shoot far out into the air and then drop down and 
down for hundreds of feet to the ice below. The instant the deer would 
jump every sound would cease and each wolf would find its way down 
around the ledge to the body of the deer, where, if the pack had not 
been preceded by its leader, a circle was formed until the commanding 
officer arrived and took the first mouthful, when all would fall to and 
devour the carcass. 

Much difficulty is experienced by the novice in trapping the wolf. 
The old hunter is more successful and to become so, requires experience, 
observation and study of the habits and instints of these sly and suspi- 
cious inhabitants of the Lake Superior jungle. The formula known as the 
"hunters secret" is used with much success to lure, not only the wolf, 
but the fox, the bear and the mink into the trap. 
10 
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The noble little animal, the beaver, under the present protective laws 
of Michigan, is gradually gaining ground and coming back to its former 
haunts. Many valuable lessons in industry, perseverance and accumula- 
tion can be learned from the beaver. Its knowledge and work in 
dam building approaches, if it does not in some instances, excel, that of 
man. The experience of lumbermen, when trying to float their logs 
down a stream dammed by the beaver, has been to place a large force of 
men to work tearing out the dams, and when left for a single night 
they would be fully repaired and made stronger than before by these per- 
sistent and industrious little animals. The indolent members of the 

beaver familv are driven out and become hermits or bank beavers. 

t/ 

The propagation of game animals is now receiving considerable atten- 
tion in the Northern Peninsula. The Cleveland-Cliffs Iron Co., some 
years ago, purchased Grand Island, in Lake Superior, and now, over 
its fourteen thousand acres, can be s^n the elk, moose, deer ante- 
lope, mountain sheep, and the workings of the beaver. In addition, 
hundreds of pheasants and other carefully protected game birds are 
there being reared and propagated. This company is now hatching and 
planting annually a large number of brook trout. It is only such laud- 
able work that will preserve for any considerable length of time, the 
wild life of the forests now so fast disappearing. 

In the southern portion of the Southern Peninsula, the rabbit and the 
squirrel, with an occasional fox, mink and rat, appear to be about all 
that is left in what once was the natural haunt of the deer, the bear 
and much other large game. The common black bear is one of the best 
of the game animals. Its flesh is good for food, and its skin, in proper 
season, is valuable. However, the black bear is the most abused of all 
our valuable fur-bearing animals. It is absolutely harmless, unless 
wounded or cornered, and yet there is no protection for bruin. He is 
slaughtered in and out of season, is common prey for all mankind all 
the time, wantonly killed and wasted. I trust that the next L^slature 
will enact a law to protect this animal during the season of reproduction 
and also during the time when the flesh is not good for food and its 
pelt is valueless for any purpose. 

The present protection law for the beaver will expire by limitation 
in December next year. The re-enactment of this law for a ifurther term 
of years would enable the beaver to gain a firm foothold. The vicious 
pot-hunter has found a means of destroying whole families of these in- 
dustrious animals at one blow, by making an opening through the side 
of a beaver house and placing a small stick of dynamite therein, then 
waiting until the beaver returns before igniting the fuse. The explosion 
tears the house to pieces and kills all the occupants. 

The United States government has taken an important step towards 
the preservation of game animals in the enactment of what is known 
as the "Lacey Law." This law provides that the shipment of any game 
animal or any part thereof, from out one state to another or to any 
foreign county, contrary to the laws of the state from whence the ship- 
ment was made, is an offence, and the violator may be apprehended and 
punished by the United States court, imposing a fine of two hundred 
dollars. The United States government was very slow to enact legisla- 
tion upon the subject, owing to the fear that it might encroach upon 
the rights of the states. To Hon. John F. Lacey, of Iowa, may be ere- 
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dited the first national legislation upon the subject. His law has been 
a great aid to Michigan and to all the other states in protecting game. 

The protection of game should appeal to many persons besides the 
sportsmen and trapper. All wild game is the property of the com- 
mon people of the State, and individuals may only acquire a property 
right therein by complying with the law. It should, therefore, like other 
public property, be carefully administered for the public good ; for under 
proper protection and management it may continue to be one of the 
chief attractions of the State, from which a large benefit is derived by 
our people. A careful estimate was made by our officials for the year 
1902, and it was shown that more than one million dollars are annually 
left in Michigan by residents of other states who come here to hunt 
and fish. 

A moderate gun license law would, in my judgment, add much to our 
present game protection laws. I also believe that an excellent method 
to pursue- looking toward the protection and perpetuation of game of 
all kinds has been proposed by Mr. H. A. Surface, Professor of Zoology 
in the Pennsylvania State College, for ^'Nature Study in the Public 
Schools." Professor Surface says : 

"The public schools are worthy of all persons of whatever profession, 
because in them lies the responsibility for the training of the youth of 
our country today, who are to be the men of tomorrow. If this train- 
ing is properly given, we may feel confident of the future prosperity 
of our country and the development of her resources, but if it is faulty, 
we may justly tremble for the results. The two most important features 
of advancement of our public schools are the general introduction of 
nature study and the centralization of schools. 

"It is evident that if our forests are to be preserved, our fishes re- 
stored and our game retained, it must be through the intelligent . co- 
operation of our citizens, and this will come only after there is a more 
widespread knowledge and general interest in the subject. One of the 
most commendable features of Nature study is that it brings persons into 
thoughtful contact with nature. It is not necessary always to teach 
morality or religion by words, or is it necessary or best to tell 
pupils, by direct sentences, of the wonderful plans of the Great Archi- 
tect. Teach them how to see such things and to learn what is true, and 
good, and beautiful, and they will then perceive, in a new way, the mean- 
ing of the words of Stillingfleet : 

'Each moss, each shell, 

Each crawling insect in the dust 

Holds a rank important in the plans of Him who fram'd their state 

of being; 
Holds a rank which, lost, would break the chain. 
And leave behind a gap which Nature's self would rue.* " 

C. H. Chapman, State Game Warden, 
Sault Ste. Marie. 
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FOKMATION OF PEAT TX DEAD l.AKE. 

GEORGE P. BURNS. 

(Abstract.) 

Dead Lake is located about ten miles north of Ann Arbor, and is one 
of the numerous glacial lakes found in the valley of the Huron River. The 
lake is three-fourths of a mile long, running east and west, and one-half a 
mile wide. A contour map shows that the bottom is divided into four 
basins, two in the northern part seventy and seventy-two feet deep 
respectively, and two in the southern part whose greatest depth is thirty 
and thirty-five feet. The higher ridge runs north and south. This ridge 
is never more than twelve feet below the surface and in one place comes 
above, forming an island. Tliis divides the basin into an eastern and 
western half. 

The bottom of the eastern half is much more shallow in general. In 
one place the greatest depth for several hundred feet is only ten feet. 
There begins then a sudden dip and within a distance of 200 feet it drops 
to seventy feet below the surface. Although the lake reaches a depth of 
seventy feet in this half, the larger part is comparatively shallow. On 
the other hand, a large part of the western half is under nearly forty feet 
or more of water. 

The shores are rather steep in the south and southwest, but quite level 
on the other sides. 

The eastern half, with the exception of a small "lake" about 400 feet 
in diameter, is so densely covered with vegetation that only a very few 
narrow channels are left through which one can force a boat. The clear 
water in these channels is only about two feet deep. In this are found 
Nuphar, Brasenia, Utricularia and other water plants. That is, the entire 
eastern half of Dead Lake is almost entirely filled with peat. 

Plants are not distributed all around the lake in concentric zones as 
is so often the case. The filling began on the south side, and on this side 
the arrangement of plant zones is as follows: — 

I. Oak, hickory, on high gravel bank. 
II. Elm, maple, growing in five (5) to ten (10) feet of solid-peat. 

III. Tamarack, poison sumach, growing in peat from ten to thirty- 

five feet deep. 

IV. Cassandra and other shrubs bordering the tamaracks. 

V. Sedges, largely Carex filiformis, growing in as high as sixty-five 

feet of very loose peat. 

VI. Nuphar, with Peltandra, Brasenia, and Utricularias, which fill 

up the few remaining channels. 

A glance at the profile map gives a good idea of the condition in the 
eastern part of the lake at the present time. This profile runs north and 
south through the two basins. The southern one is completely filled; the 



FORMATION OF PEAT IN DEAD LAKE. 



77 



other will soon be exterminated. It owes its longer existence entirety 
to its great depth. Carex flliformis ia unable to extend into the lake until 
the lake has been filled within at least twentv-four inches of the surface 
hy the lilies and other water plants. 

The western half contains a large area of open water. Vegetation has 
advanced on the south about one-half the way across the lake, the north 
shore ia destitute of water plants. This side of the lake is filling rapidly 
on the sonth and west, but owing to its great depth it will be many years 
before it will be entirely covei-ed. 




EXPLANATION OF FIGURE. 

Profile through Dead Lake, running north and south, scale: Vertical, 
61 cm. to mm,; horizontal 8 m. to mm. 

1. Quercns alba, L. 

2. Ulmus Americana, L. 

3. Larix Americana. 
i. Carex flliformis, L, 

5. Channels through sedges, filled largely with Nuphar, Utricu- 

lar ia sp, 

6. Salix sp, 

7. Remaining lake. 

Oeorgb P, BuBNS, Ph. D., 

Botanical Department, University of Michigan, Ann Arbor. 
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THE REGENERATION OF SEEDLING ROOTS AFTER SPLITTING. 

LURA A. WARNER. 

(Abstract.) 

For the experiments on regeneration I have used the seedling roots 
of Vicia faba, chosen from a number of species upon which I operated 
with less favorable results. 

These roots are split with a sharp scalpel when thej^ are 2-3 c. m. in 
length, for a distance varying from 1-5 m. m., are then repotted in damp 
sawdust or put up in damp chambers and allowed to continue their 
growth. 

While the process of growth and regeneration is going on individuals 
of tlie set are removed at intervals and sectioned to determine the 
anatomical structure of the regenerating tissue. Over the cut surface a 
callus is cut off from pre-existing cells of epidermis, cortex and stele. 

In splitting, the arrangement of tissues is broken up. Cross sections 
become half-moon shaped instead of circular. The circles of epidermis, 
cortex and stele are halved, and the number of bundles is one-half that 
of the normal section, if the splitting divides perfectly. The half-moon- 
shaped cross section becomes rounded out by the formation of callus over 
the cut surface. Across this callus a new meristem arises which joins 
with the primary meristem and these cells take up the work of regener- 
ation. Cortex cells are cut off on one side and pith and bundle cells on 
the other. 

For a distance of 1-3 c. m. below the union of the split halves, however, 
the normal condition is never restored. This intervening piece between 
the normal condition above the split and the rounded portion below is 
called the "Zwischen stiick^' and in cross section always retains the char- 
acter of the cut half. 

In this Zwischen stuck the bundles are massed together, primary and 
secondary tissue in a disorderly manner. 

Below the Zwischen stuck the bundles separate and assume a sym- 
metrical arrangement, although the number is rai*ely normal. 

Vicia faba roots contain from 4-7 bundles under normal conditions, 
but after splitting, only three take up the work of the root system. 
Otherwise the "regenerated'' root is perfectly normal, splitting only hav- 
ing reduced its number of bundles and retarded its growth slightly. 
Since each split half contains three bundles the root system has gained 
two bundles, if the normal number were four. 

Perhaps this process should not be called regeneration, but it comes 
the nearest to the regeneration known in the animal world of any case yet 
cited. 
LuRA A. Warner, 

Botanical Laboratory, University of Michigan, 
Ann Arbor. 
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CONDITIONS INFLUENCING REGENERATION OF THE HYPO- 

COTYL IN LINUM USITATISSIMUM. 

MARY E. HEDDEN. 

(Abstract.) 

The experiments thus far performed have been to determine the con- 
ditions governing the development of hypocotyl buds on Linum. 

Uninjured plants were first placed in a saturated atmosphere, but 
only one out of twenty-five seedlings developed buds below the cotyledons. 
In a dry atmosphere there were no buds formed. 

Next the cotyledons were cut off below their insertion when the seed- 
lings were from 2-3 cm. high, and in nearly every case numerous buds 
were sent out on the hypocotyl, under both dry and moist conditions. 
The hypocotyl soon became very green and a slight callus covered the 
wound. In the course of a few days numerous buds were developed. 

The origin of these buds varied according to the age of the seedling, 
OB a young hypocotyl they formed from base to apex, but on an old one 
they formed only at the apex. There was no definite arrangement or 
fixed law as to their appearance. 

The number of buds was also governed by the age, on young hypo- 
cotyls from one to sixty buds were sent out, while on old ones never 
more than three were formed. More buds were developed in a saturated 
atmosphere than in a dry, and they developed more quickly in a high 
temperature. 

Numerous plants were placed in the dark, and at different tempera- 
tures, but no hypocotyl buds were formed. The season also had a 
marked effect upon the time of bud formation. The time for regeneration 
during the fall and winter was from thirty to thirty-seven days, while- 
in the spring they regenerated in from seven to nine days. 

The experiments are still incomplete, but from the data thus far gath- 
ered, it is evident that age, moisture, temperature, light, and season are all 
important factors influencing the formation of hypocotyl buds. 
Mary A. Heddbn^ 

Botanical Laboratory, University of Michigan, 
Ann Arbor. 
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REGENERATION OF THE EPICOTYL IN SEEDLINGS OF VICIA 

FAB A AND PI SUM SATIVUM. 

ARABEL W. CLARK. 

(Abstract.) 

Cotyledons were first planted with a small piece of the epicotyl left 
attached, and it was found that a whole plant was regenerated. This 
regeneration took place, whether a whole cotyledon or only a small piece 
of a cotyledon was left intact, thus indicating that regeneration is not 
dependent upon the food-supply. 

When an epicotyl was injured or removed, first the six buds which had 
been laid down in normal growth, developed into shoots, and by remov- 
ing each newly regenerated shoot as it appeared, the seedlings were 
forced to send out from six to sixteen shoots successively. These shoots 
continued to appear until all the embryonic tissue was dead. 

Until the epicotyl had reached a height of ten cms., the age of the tis- 
sue operated on, seemed to have little influence on the time required for 
regeneration; at fifteen to thirty degrees C, regeneration took place in 
from six to seven days after the epicotyl and side buds had been removed. 
After the epicotyl had reached a height of ten cms., regeneration was 
not so certain, and at twenty cms. only an occasional seedling regener- 
ated, although the cotyledons were found to be rich in food-supply. 
When the epicotyl was cut off above the first node, a shoot was sent out 
at the node and the side buds did not develop. Regeneration in the 
epicotyls of Vicia faba and Pisum sativum is apparently more depend- 
ent upon the age of the tissue operated on, than upon the amount of 
food-supply at hand. 
Arabel W. Clark^ 

Botanical Laboratory, University of Michigan, 
Ann Arbor. 



THE ANGLE OF DEVIATION FROM THE NORMAL POSITION 

AT WHICH STEMS SHOW THE STRONGEST 

GEOTROPIC RESPONSE. 

JULIA ANNA HAYNES. 

(Abstract.) 

The experiments of Sachs, Darwin and Bateson, and Stone have shown 
that in the seedling-roots, flower-stalks, and grass-nodes used by them, 
the strongest geotropic response was made for a deviation of 90 
degrees from the normal position of those organs. Czapek, and Darwin 
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and Pertz, working with roots and hypocotyls of seedlings, blades of 
Secale, and certain stems, have found the strongest response for a devia- 
tion of 135 degrees, except in one set of grass-stems, whose curvature 
was greatest when placed at an angle of 90 degrees from the normal. 

Since in all cases, the weight of opinion has been in favor of one 
of these two angles, others have been neglected and the present paper 
reports the results of a series of experiments made with the purpose of 
determining, for a large number of plants, at which of these two angles 
of deviation, stems are more strongly influenced by gravity. 

No plants have as yet been found responding much more markedly 
when inclined at 135 degrees ; in but two cases have there been even 
doubtful results; while repeated experiments with Chrysanthemum, 
Ageratum, Lavandula, Heliotropium, and Fuchsia plants, and seedlings 
of Raphanus have shown a much stronger geotropic response for a devia- 
tion of 90 degrees than for one of 135 degrees. 
Julia Anna Haynes, 

Botanical Laboratory, University of Michigan, 
Ann Arbor. 



THE OCCURRENCE OF BASISPORIUM GALLARUM MOLLIARD 

IN MICHIGAN. 

A. W. PIERSON. 

(Abstract.) 

I discovered in this locality a new species which had never before been 
described until M. Marion Molliard, a Frenchman, described it in 1902 
in the "Bulletin de la Soci^t^ Mycologique de France," Vol. 18 (1902) p. 
167. He found the fungus growing on the dead larvae of Lipara lucens 
in the galls which this insect produces on the leaves of Phragmites com- 
munis. I found the fungus growing (1) in this country, and (2) on a 
different host, viz., cut surfaces of corn stalks. 

A complete description is to be found in his article. 
A. W. Pierson, . . 

Botanical Laboratory, University of Michigan, 
Ann Arbor. 
11 
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ROUGH-BARKED AND SMOOTH-BARKED WHITE OAKS. 

CHAS. A. DAVIS. 

The white oak, Quercus alba L., is described in most manuals of Botany 
as a tree with light gray bark, scaling off in thin plates, and the writer 
has always been accustomed to seeing it in such a form wherever he has 
noted its occurrence. In examining trees of the species in the vicinity 
of Ann Arbor, however, many specimens have been found in which a con- 
siderable part of the boles was covered with the usual light-colored, scaly 
and rather smooth bark, but upon other parts, spots of varying size 
appear to be curiously and abnormally roughened. Such trees look as if 
they had been scraped carefully except in the rough places, which are 
often remarkably regular in outline. In the rough spots, the bai'k is 
neither flaky nor light-colored, but is made up of firm, hard, high and 
narrow ridges, of a dark color, with deep and regular clefts, which are 
mainly longitudinal, but which. frequently branch and are connected by 
cross cracks and checks. More rarely the rough condition of the bark 
is the one found upon the bole, while the flaky condition occurs in spots. 

The usual condition of the bark upon old bur oaks, Quercus macrocar- 
pa Mx., in Michigan, is the rough, deply furrowed type, not flaky, but 
with the ridges broader, with flatter tops and wider fissures than that 
of the white oak, so that old specimens are among those having the 
roughest bark of all our trees. Rather rarely an individual is found in 
which the bark is flaky and without ridges. In such cases the color is 
much lighter than in the usual condition. 

A third type of white oaks, the chestnut oaks, Quercus acuminata 
(Mx.) Houda, and Quercus Alexanderi Britton, occurs in the region 
around Ann Arbor. The former is characterized bv its thin, rather 
smooth and flaky bark, while the latter has rough, heavily ridged bark. 
Occasionally, specimens of the rough barked species occur with patches 
upon which the bark is flaky, thin and relatively smooth, so that it is 
difficult to tell it from that of the thin barked species, except by other 
characters. 

In all specimens of larger growth of Quercus platanoides (Lam.) 
Sudw., which have been observed, the characters of the bark are those of 
the bur oak, so far as the bole is concerned, and no special mention need 
be made of this species farther than this. 

In all of these species, where the flaky, light-colored and thin bark 
occurs, the bark is infested with a saprophytic, fungus, Corticium Oakesii 
B. and C, which seems to be the cause of the separation of the layers and 
the flaking which occurs. The mycelium of the fungus penetrates the 
bark, dissolves out certain elements and leaves it in a spongy and por- 
ous condition, and in this state the exfoliation and flaking which are so 
characteristic in the bark of the white oak, go on, aided by the effects of 
wind and weather, until the ridges, which would make the bark rough 
are nearly or quite obliterated. 

The rather unusual dryness of many of the woodllots in southern^ 
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Michigan may account for the fact that some of the oaks escape com- 
plete infestation, and this may explain the peculiar sculpturing which 
has already been noted. 

The white oak seems most frequently attacked, and the other species 
about in the order named. It may be added that the fungus seems to do 
no harm whatever to the tree, as it does not penetrate the bark to the 
living tissues, but gets its needs supplied wholly from the outer layers. 
The work of the fungus must proceed slowly since the borders of the 
infested areas are rather indefinite. 

The same, or a closely related fungus, occurs upon the bark of other 
species of trees than the oaks, and it is possible that all the species with 
thin, flaky bark are attacked by it and that the flaking may be due to 
the action of the fungus. The above considerations make it apparent 
that it is not safe to consider any one form of bark typical of a given 
species, until a thorough study of the type has been made. 
C. A. Davis^ 

Department of Forestry, University of Michigan, 
Ann Arbor. 
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THE IMPORTANCE OF PLANT VARIATION AND ITS BEARING 

UPON THE EVOLUTION OF SPECIES. 

F. A. LOEW. 

The fact that plants have a tendency to vary from their original type 
is of great importance to the horticulturalist and the botanist alike. 

It is generally known that the causes of plant variation are environ- 
ment, bud variation, and crossing. 

By environment we mean condition of soil, climate and surroundings 
relative to other plants. 

It has been observed by all that by growing a plant on very fertile 
soil there will be produced many abnormal shapes or types of the fruit 
or of the stalk ; tliis is due to the great amount of growth force accumu- 
lated within the plant, which often gives vent to its power by the for- 
mation of abnormalities. 

This fact can be illustrated by observing a cornfield planted on very 
fertile soil; scattered stalks of corn may be seen towering high above 
their companions; fasciated ears are not unconmion; corn growing on 
the tassel is a common occurrence. 

It is a well known fact that southern perennial species have been 
brought to our northern climates and after a number of generations have 
acquired all the characteristics of annuals. The change of climate seems 
to overthrow the equilibrium of the plant which causes it to begin at 
once to adapt itself to its new circumstances, this adaptation being neces- 
sary for its perpetuation in the struggle for existence. An example of 
this is our common potato, which formerly was a perennial, but on be- 
ing brought north and grown in these colder climates it took on the 
habit of ripening its stalks and tubers before the approach of winter; 
this of course was assisted by selection on the part of the cultivator. 
Many other southern plants have been so ameliorated that they can 
produce their seed in this climate, but their stalks do not die until 
killed by the frost ;^lthough they are not truly annuals, yet they have 
been greatly changea in their period of production of seed; such are 
the tomato, the red pepper, the castor-bean, etc. 

It has been said that the vegetation of Mt. Rainier whose flora, 8,000 
feet above the sea level, makes its season's growth and produces seed in 
one month, or six weeks time; while at the foot of the mountain the 
same species of plants require three months to accomplish the same 
result. This shows the great plasticity of plants and with what ease 
they adapt themselves to their surroundings. 

When a plant is crowded by other plants it sets about adapting itself 
to its crowded condition ; sometimes it dies in the attempt, but at other 
times it is greatly changed in its habit and form. Thus the common rag- 
weed when grown in good soil reaches a height of five to six feet with 
both pistillate and staminate flowers, but when grown in a crowded con- 
dition it produces its seed when less than a foot high, but in many cases 
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it produces only pistillate or staminate flowers. The radish when grown 
in a 'crowded place will throw up seed spikes from a nearly fibrous root 
thus completing its cycle in a few months while when grown normally 
with plenty of room it produces a large fleshy root which can be kept over 
winter and planted for seed the next spring, hence making it an annual 
or biennial, depending upon its proximity to other plants. 

Hybridization, contrary to a first thought, does not play a very im- 
portant part in the origin of plant species. Bailey says: "Not one 
known proof can be found that shows that nature ever produced a new 
species by hybridization,'' but species have crossed producing a varia- 
tion from its parents which through successive crossings and natural 
selections have produced forms of rather wide divergence. 

The possibility of plants being influenced by the above agencies is of 
the utmost iniportance to the horticulturist. It is the foundation upon 
which horticulture is built and without it the science could not exist. 
If plants would grow and* produce progeny exactly like their parents 
one person could raise fruit and vegetables as good as any other as far 
as viarieties are concerned. But this is not so. Plants do vary and 
yield admirably to the wishes of the horticulturist, thus it opens to 
him a wide field for operation. Much important work*has been done 
along the line of amelioration of plants, and as the horticulturist be- 
comes acquainted with the morphology and physiology of the plant, he 
becomes more systematic in the performance of this work. Not only 
is it important to know what is possible to do with wild plants, but 
what improvements can yet be wrought with those plants already under 
cultivation. 

Leaving now the horticulturist to select for himself other benefits 
which he can find in plant variation, let us notice whether the botanist 
is concerned in this matter. 

It has not been many years since, that most botanists considered 
species as fixed groups, and that they were always as they now are; 
but as the theory of evolution gained acceptance, most botanists have 
changed their views and now look at species as variable things; as varia- 
ble as plants themselves. 

If we accept evolution in the development of animal forms it seems to 
me to be much easier to accept it as it concerns plant forms. The evo- 
lutionist looks at the whole plant creation as a progressive series, from 
the beginning of the lowest unicellular form to the highest plant organ- 
ization. It is true gaps and breaks exist at irregular intervals which 
seem to set portions of this series off as' distinct groups with greater or 
less characteristic differences, but it is this fact that makes classifica- 
tion of plants possible. It shows that the weaker connecting forms were 
not able to survive in the struggle for existence. As the plants of a 
given species vary, the species tends either to enlarge or diminish ; the 
same is true of the genus. It is this relation of the plant to its specific 
name that makes plant variation of impoi*tance to the botanist as re- 
gards species making. 

Although most botanists are evolutionists yet some might consider 
species as being fixed at present. All agree that if we accept the evo- 
lutionary theory in part of the organic world we must accept it in all. 
If we accept it in animal life we must accept it in plant life. Bailey 
says that, "The Darwinian theory is better adapted to an application 
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to plants than to animals." If we believe that evolution has taken place 
in plant life in the past it is very probable that it is still taking place, 
because we have no record nor proof when or where it stopped. If evo- 
lution is still going on we can not consider species as fixed, but as vary- 
ing way-marks in the processes of evolution. 

I feel that all my hearers believe that we are living in the midst of 
species making, and that they are being made by the processes above , 
mentioned as the causes of plant variation. But where is this work 
taking place? Where is the laboratory where new species are being 
turned out? The botanist says in the unmolested forest; on the un- 
broken prairie; upon the rocky mountain side; and in the virgin valley. 
The horticulturist says the same, but in addition he says the garden, the 
nursery, the cultiv«ated field, the road side, yes, every nook and corner of 
the earth is Nature's laboratory for species making. 

Are there any species being made in the garden? This is a question 
still open for discussion; it is one not yet 'answered uniformly. But 
as species have been formed by variation caused by environment and 
crossing followed by natural selection, we find these conditions in the 
garden, only that man aids in the process, thereby hastening the results. . 
In other words. Nature by the aid of man accomplishes in a short time 
what she alone would accomplish in a long time. 

It appears as though, species do originate in the garden; or at least 
plants have originated which vary greatly from other plants of the same 
species. ' . i '< 

It is agreed by all that when a well defined difference between indi- 
vidual plants of a given genus exists, and this difference is apparently 
constant, that such plants are placed as different species. As in case of 
Hepatica triloba and H. acutiloba whose only difference is in the shape 
of the lobes of the leaves and that the one sometimes has five lobes instead 
of three. 

Another example of the minimum difference between authorized spe- 
cies is Vitis aesetivalis as compared with V. bicolor; the differences be- 
tween these are small. According to Britton and Brown the principal 
differences are, that the color of the fruit of one is bluish-black, while 
that of the other is black ; the berries and seeds of one are a little smaller 
than the other. The inflorescence of one is somewhat more compact 
than that of the other; the leaves of one are inclined to be three-lobed 
while those of the other are three or five-lobed; the color on the under 
side of the leaf of V. bicolor is bluish glaucous. An examination of a 
'lot of herbarium specimens showed a very great similarity between the 
two species; the leaves of both are very much alike in shape and size in 
different individual specimens; the fruit is nearly the same. Other 
plants which differ in but a few points are Melelotus officinalis and M. 
alba; Lepidium Virginicum and L. apetalous; and many species of the 
genus Kosa. 

Now let us look into the garden and see whether there are any plants 
of the same species which vary from each other as much as the above 
authorized species. The erect tomato, a descendant of Lycopersicum 
esculentum is a plant which varies from its parents in several respects. 
It differs in its general habit of growth, it being low and upright with 
thick stocky stems thickly covered with pubescence, the leaves are 
smaller, rugose and greatly reduced in size and parts. Its inflorescence 
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has been changed, the number of flowers being reduced ^ from six or more 
to two or three. It has a close resemblance to a potato, it has been 
grown for fifty years. Among other cultivated plants that show points 
and characteristics which are fixed as well as characteristics can be fixed, 
are the bush lima, the bush bean, different varieties of corn, the moss rose, 
and many other plants. 

I know the argument against giving these widely different varieties 
a place as species is that they have been brought about through the 
infiuence of man, and furthermore it would be very confusing to syste- 
matic botany on account of so many intervening gradations; but if the 
theory of evolution is true it must also be true that these intervening 
forms still exist between the newly formed species, because in many 
cases they have been nursed along by man and not allowed to become 
extinct, in other cases they have not had time to be crowded out of the 
race. Their existence is proof that species are being made at the present 
time. 

There is no doubt but what the forms of plants have been infiuenced 
by the dominating force which existed during the period when a given 
plant species was formed. If there is any truth in the belief that some 
plants have developed special forms to withstand droughts; or spines 
to protect themselves against the destruction of wild animals, it must 
be true that the large animals of creation have played an important part 
in the evolution of plants. If the larger animals, jvhich are products 
of a natural creation, took part in the evolution of plants, it is but logi- 
<*al to believe that man, another product of a natural creation, should 
take a part in a natural evolution of plant species. 

If man is a natural force which is an active infiuence in the devel- 
opment of new forms then new species do originate in the garden, and 
it seems as though they should be recognized by the systematic botanist 
and given a place in the great system of classified plant forms. 
F. A. LoEw^ 

Botanical Laboratory, Agricultural College. 
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SOME INTERESTING MICHIGAN PLANTS; POSSIBLY SOME 

NEW SPECIES. 

4 

S. ALEXANDER. 

In southeastern Oakland and northern Wayne counties, I have discov- 
ered the following interesting plants, some of which I believe to be 
new species: 

Four youHg oak trees, which are evidently hybrids between the Quer- 
cus platinoides and the Q. alba. They have the scrolling bark and long 
fruiting peduncles of the first mentioned species ; the fruit and the leaves 
also partake of the character of those of the parent trees. 

On Belle Isle Park there are several hybrids between the Quercus 
macrocarpa and Q. platinoides. North of Palmer Park is a considerable 
group of Q. texana and also a large forest of black oaks, which are 
either hybrids or new species. They seem to have many characteristics of 
all the black oaks of this region : their bodies and dropping lower limbs, 
Indicate close relationship to the Q. palustris, while their fruit and 
leaves carry marka of other species. I will not attempt a close des- 
cription of them until after I shall have given them another year's study, 
at the end of which time I think that I will have at least one new species 
to report. 

In the southeast part of Oakland county, I have found a blackberry 
growing in great abundance which is not described in any of our syste- 
matic books. It has but few prickles and grows after the manner of 
the common black raspberry, rising from the ground at an angle, returns 
again where it runs along the surface for several feet and roots 
at the tip if favorable conditions are reached. In the vicinity of Palmer 
Park there is to be found another undescribed blackberry which grows 
to the height of twelve to eighteen inches, stems upright and rigid. In 
this region is also found ^ black raspberry which does not grow upward 
from the ground but runs over the surface after the manner of the 
Eubus hispidus. Under favorable conditions the stalks will grow from 
ten to fifteen feet per year and root at the tip like other black raspberries. 

On the highlands to the northwest of Birmingham there are several 
forms of roses which do not fall satisfactorily within the descriptions of 
any of the species of that genus. Odo form is very spiny and produces 
double fiowers. Another form has persistent, spreading sepals and in- 
frastipular spines, a group not provided for in any sub-generic key. 
Here are also found cordate-leaved shining willows, and another form 
of willow, somewhat resembling the Salix discolor, which has large 
chestnut-like leaves. 

In the vicinity of the lakes of Oakland county, there grows a very in- 
teresting thorn with long slender spines, from five to seven inches, whose 
fruit is dark purple and is covered with a heavy bloom. 

Two and one-half miles to the northwest of Birmingham, along the line 
of the D. G. M. K. R. track, is a small plantation of the Lilium um- 
bellatum. In the oak woods of this vicinity is found the Coralorhiza 
flavida which was never before reported from Michigan. 
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The old lake bottom lands, lying to the westward of the Detroit river, 
present an almost unknown region to the botanist. Within this terri- 
tory I have found several new species, including the Quercus Alex- 
anderi, and firmly believe that there are more to be found. 
S. Alexander, 
Detroit. 
12 
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A FEW WORDS CONCERNING THE NEW MICHIGAN FLORA. 

W. J. BEAL. 

The last edition by Beal and Wheeler was printed in 1892. The edition 
of which I now speak is in press and will form a portion of the fifth re- 
port of the Michigan Academy of Science. The sequence of families 
in former Michigan Floras followed Gray's Manual, which is essentially 
that of Auguste Pyrame De Candolle. Most of the reasons given for 
that arrangement have long since been considered untenable. In the 
present edition of the Michigan Flora, I have followed Britton's Manual 
of the Flora of the Northern States and Canada, published in April, 1901. 
In following Britton, I mean to say that I have adopted the nomenclature 
there used, the sequence of families and genera. The sequence of families 
is nearly the same as that of Engler and Prantl. I have arranged the 
species of each genus in alphabetical order. In following the nomencla- 
ture of Britton as found in the Manual, I do not by any means say that 
I approve of all the innovations there made by Nash, Rydberg and others. 
Some author must be followed and I have selected the one, all things 
considered, that I believe to be best. 

The bibliography has been considerably extended. 

The species and varieties of Pteridophytes number 100 

The Gymnosperms 15 

The Monocotyledons 638 

The Dicotyledons 1474 

There are in Michigan so far as known species and varieties of trees 85 

Species and varieties of shrubs 209 

This edition of the flora enumerates species and varieties, all told. . 2227 

The former edition contained, species 1746 

Addition in the present edition 481 

Judging from the time I have devoted to this revision, and the mistakes 
made, I am convinced that I was not very well suited to the work. The 
preparation of the manuscript has been a great time consumer. The 
nomenclature has been much changed ; the arrangement has been turned 
end for end and then shaken up liberally; lists of plants of ten other 
botanists have been incorporated, and in one case, one person furnished 
three or four separate lists. 

Professor C. A. Davis, in a recent letter, has well pointed out some 
of the difficulties that the systematic botanist labors under in his at- 
tempt to find the correct name to each species in our Flora. 

He writes, ^^This making a new edition of a Manual of Botany simply 
that a lot of new names may be published every five years is certainly 
most exasperating and wearing. We now have Sargent, Britton, Sud- 
worth (for Bureau of Forestry people), and Gray, to say nothing of 
Britton and Brown, and some of the names of our trees are different 
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in all five. It makes it interesting for those who want to use all these 
works, doesn't it?" 

After all that has been said and done, the study of the flora of the 
State, at best, can only be considered as fairly begun. By far the greater 
areas have not yet been seen by any systematic botanist and very few 
regions have been visited by one who is an expert in some one or more 
difficult families. 

What species flourished in large areas will never be fully known, since 
man has cut off, burned over and plowed under tens of thousands of 
acres of the virgin wilderness! Swamps, marshes and lakes have been 
drained and the land occupied by farm crops. Chiefly through the 
agency of man, great numbers of weeds and other plants have been 
introduced from other states and from foreign countries and each has 
begun a vigorous warfare for all the room it can get. 

Whoever prepares tlie next edition of the Michigan Flora will find 
a large number of acquisitions. Some new species, or supposed new 
species, will be described, foreign acquisitions may be expected from 
all directions. 
W. J. Beal, Ph. D., Professor of Botany, 

Botanical Laboratory, Agricultural, College. 
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*THE RELATION OF MASS ACTION AND PHYSICAL AFFINITY 

TO TOXICITY, WITH INCIDENTAL DISCUSSION AS TO 

WHAT EXTENT ELECTROLYTIC DISSOCIATION 

MAY BE INVOLVED. 

J. B. DANDENO. 

(Abstract.) 

Experiments were performed with seedlings of corn, lupine, and pea, 
in such a way as to expose the radicle to the toxic agent for a given 
time, and then to decide, by a twenty-four hours' immersion in water, 
whether the reagent had permanently inhibited the growth of tte 
radicle. The toxic agent was applied in quantities varying from 1 c.c. 
up; and a non-chemical body (pure sand) was added to solutions sim- 
ilarly prepared. 

The results of the experiments, and a summary of the discussion leads 
to the following: 

(1) Quantity of solution is an important factor in estimating the 
concentration of a solution which a seedling can withstand; e. g., — corn 
can live in HCl at n/1024 if the quantity be one c.c, but if the quantity 
be twenty-five c.c. it can withstand only n/4096. 

The perceptible effect of mass action seems to reach a limit at, or 
near, a volume of twenty-five c.c, the vital activity of the seedling at 
this volume being sufficient to neutralize any injurious action which may 
be due to diffusion. The rate of vital action, therefore, may be repre- 
sented by the rate of diffusion at the concentration given for death limit 
in 25 c.c. of solution. 

(2) If a non-chemical body be added to a toxic solution the toxicity 
is reduced to an amazing extent. 

(3) The theory of electrolytic dissociation receives no support from 
the physiological side, with the solutions here examined. 

(4) The action causing death to the radicle appears to be a chemical 
action, the radicle reducing the toxic activity of the solution a certain 
amount in a given time. 

(5) The size of particles of sand seems to have some influence upon 
growth indirectly, and upon toxicity directly. 

(G) A chemical analysis of soil can give no definite notion as to the 
nutrient material available for plant support. 
J. B. Dandeno, Ph. D., Asst. Professor of Botany, 
Botanical Laboratory, 
Agricultural College. 

♦This paper appears in full in the Amer. Jour, of Sci. for June, 1904. 
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EDUCATIONAL REQUIREMENTS FOR THE PROFESSION OF 

FORESTRY. 

E. E. BOGUE. 

Forestry, not lumbering, is a comparatively new subject in America 
and its requirements, even to the otherwise well educated, are either mis- 
taken or unknown to many. 

In all technical education one must have a good foundation upon which 
to build, and this is especially true of the subject of forestry. One man 
who has been in the field several years says that he knows of no subject 
that taxes a man's resources as does forestry. He is expected to see 
things, and when he does see them, be able to interpret what they mean. 
There are many who can see that here is a two and there is a two, but 
there are fewer persons who can put these two twos together and make 
four of them. In this work one is expected to be able to break a bucking 
bronco one day. and write up an accurate report on a hitherto unexplored 
region the next. Many there are who can make fine speeches and sway 
the public thought and others that can make camp, run lines with hand 
compass, and perform a large number of the many duties that fall to the 
man in the field work, but in forestry one should be able to do all these 
things. A man should be very thoroughly grounded in botany as it is 
taught in the laboratory, but even then when he goes out into a new 
region it will take him several weeks to find out with what species of 
plants he has to deal. However, if he is not well grounded in botany 
it is not likely that he will ever find out very much about the plants. 

The forester has chiefly to do with tree^ and these trees are entirely 
dependent upon a great number of natural phenomena, so that if one 
is going to deal with trees intelligently he must know as much as 
possible about the factors that influence tree growth. How is he going 
to acquaint himself with these factors? He must first' have a mind 
trained to think. It is likely that natural ability plays a great part, 
but trained ability helps out a good deal: I should like it if every 
man who comes to study forestry with me had read at least six books 
of Virgil or its equivalent in Latin. He should then be prepared to 
handle scientific names intelligently. The lack of a knowledge of this 
language was forcibl}^ brought to my mind when I found a man who 
has received the degree of Master of Science from one of our large 
western universities and had spelled occidentalis (o-x-i-d-e-n-t-a-1-i-s). 
Even more ludicrous mistakes are not rare in the notebooks of some of 
the students who think they have no time for study of a dead language. 
Although it is no longer spoken, except in Iceland, Latin lives and will 
continue to live as long as science lasts. It looks as if there were a lack 
of harmony when we say Salix alba, Quercus alba, Hicoria alba, Picea 
canadensis, Amelanchier canadensis, and so on. It is onlv those who 
who have fundamental training who will not shudder at the apparent 
confusion in Latin terms. 

Our English language is so poorly inflected that we scarcely realize 
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that it is inflected at all until we begin the study of German or some 
other highly inflected language. After having had to deal with some 
of these our own language becomes more intelligible to us. 

Therefore, I would place the study of language early among the re- 
quirements for the professional forester, because it is one of the main 
roots that are to support his professional tree. 

Mathematics one must have, and the more one has the more readily and 
accurately will the professional forester be able to keep records and com- 
pute volumes and distances. Mathematics should extend through 
trigonometry and surveying at least. 

A knowledge of plants is indispensable. Forestry is a form of ap- 
plied botany. Botany is another of the main roots that are to support 
the professional's tree. Systematic botany is of first importance, but there 
is no phase of the subject that can well be omitted. The men who have 
gone into the field well acquainted with the manipulation of a synoptical 
key have had easy sailing as compared with those who are poorly pre- 
pared in this branch of science. 

I am sure that it is not necessary for me to enumerate here the various 
other branches of science that should be studied in order to give a lib- 
eral education. One should be able to read with reasonable accuracy the 
geological history of the field in which he happens to be working. A 
student once offered an apology to a professor of geology for not having 
read more authors on the subject. With a wave of the hand toward 
the surrounding region the professor said, "this is what you ought to 
read." 

In addition to all these requirements the professional forester should 
have a knowledge of business principles. Forestry in its proper sense 
does not lend itself readily to the small holder but to the owner of 
large estates, corporations, municipalities, commonwealths, or govern- 
ments where large amounts of capital and long periods of time are 
involved, so that the person who is accustomed to deal only with petty 
accounts is lost when it comes to these larger considerations. 

The Southern Long-leaf Pine spends the first seven to nine years in 
getting a good strong hold in the ground before it begins to make much 
stem growth. It would be impossible for the tree to flourish as well as 
it does if this were not the case. Can we not apply this to the prepara- 
tion for the business of forestry? Spend a few years in getting a good 
strong hold, neglecting not the small details nor the leading require- 
ments, before considering that we are able to meet the demands of the 
profession. Progress will be about in proportion to the preparation that 
has been made. ' 

It is not to be expected that everything can be gained in a college or 
university course of thirty-six months, yet a severe and a careful sifting: 
of subjects will accomplish much. Additional time and experience will 
round out the man. 
E. E. BoGUE, M. S., Professor of Forestry, 

Department of Forestry, Agricultural College. 
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COLLEGE EXTENSION WORK IN AGRICULTURE. 

W. J. DEAL. 

Forty-seven years ago next May, the first Agricultural College in 
America, almost in the wilderness, opened its doors to students. The 
conditions of farmers as a class were far from encouraging; most of 
them deemed an education of little value. In 1862, Congress granted 
means soon available for each state to establir*' an agricultural college. 
By slow degrees for many years, these school^ nade little progress. 

In 1888, the United States granted an ann\ al appropriation to each 
statQ with which to conduct experiments in agriculture for the benefit of 
farmers. 

Over thirty years ago, granges were organized designed to be schools 
for farmers and their families, most of whom had passed beyond the 
age for attending schools. For a long time maiiy farmers persistently 
maintained that no agricultural college could be organized that would 
benefit a farmer in his business. The courses of study in such colleges 
did not attract as many students as seemed desirable. By slow degrees 
preparations were made and the "war carried into Africa/' in other 
words, "Mahommet went to the mountain." The farmers were to be 
reached and aroused. In a small, crude and expensive way, a half dozen 
or more farmers' institutes per year were held in different portions of 
our State as well as in many other states. This was the beginning of 
agricultural college extension, which was designed to help every young 
man or woman or older person who had any ambition to become more 
competent to successfully meet the demands of life. 

The bulletins gave the results of experiments and other informa- 
tion of practical importance th;at should at once be available for the 
farmer to adopt in garden, orchard, field, or stable. Through the 
efforts of the grange, a cabinet officer was appointed to look after 
the numerous and varied interests of agriculture. By this means, great 
numbers of investigations were made by the United States Department 
of Agriculture and given to the agricultural colleges and the farmers 
free of cost, until at the present time, it is almost impossible to name a 
subject of direct benefit to the farmer in his business that the United 
States Department of Agriculture has not undertaken. 

Omitting most of the steps by which farmers have reached their pres- 
ent improved position in the social and business world, we find the past 
winter that upwards of 300 institutes have been held in Michigan. More 
than two-thirds of these institutes were held in the country at gi'ange 
halls, churches or school houses, where farmers can be reached and 
awakened, — people who could not be induced to go fifteen miles to the 
county seat for such purpose. 

On the w^hole, the attendance and the interest were never surpassed. 
Forty thousand bulletins each month are sent to as many heads of 
families. 

A director is employed to spend his time in managing a system of 
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farmers' institutes. He employs well qualified and experienced men 
and wolnen to manage some of the details of institutes in connection 
with local societies. A convention of these state workers is held each 
year to make suggestions for improvements. State directors meet with 
each other once a year for consultation. To one not familiar with the 
details of these plans, it would be surprising to witness the perfection 
in numerous details. 

For several years our experiment station tested Jack Pine lands in 
five remote counties to learn their capacity to produce forage crops, 
apples, pears, cherries and small fruits. Some sixty-five species of trees, 
including a few shrubs, were tested on land in Crawford county. 

A few sugar beets were grown in several different counties and tested, 
and this led the way to a prominent new industry for Michigan. The 
director of the station has become an expert in the manner of growing 
beets. He holds himself ready at any time to respond to invitation by 
giving lectures and other assistance to the people of any region where 
they contemplate growing beets or establishing a factory. The director 
has responded to from fifty to seventy-five invitations of this nature. 
Fully as many as sixty calls have been responded to to aid creameries 
or cheese factories in one way or in another. Special bulletins have been 
prepared concerning the growing of sugar beets; certain students have 
been prepared in the field and laboratories to serve as science experts 
in these factories. If the^e is any unusual outbreak of a fungus disease, 
or of insect enemies, or some mysterious plant has supposed to cause 
death of people or domestic animals, a competent person is sent at once 
to investigate the trouble. 

Most of the states of our country are preparing more or less exten- 
sion work. In Michigan special bulletins have been prepared in agron- 
omy, animal husbandry, veterinary and botany, and these bulletins are 
for the use of young farmers at home and for all children and teachers 
in public schools, and some are for use in reading courses in agriculture. 

In Illinois, as elsewhere, insects molest fruit and fruit plants, caus- 
ing great loss to the farmer. That state appropriates money for the 
purpose and at the proper season of the year, experts are sent to twenty 
or more neighborhoods in as many counties to demonstrate the prepara- 
tion and application of suitable remedies to aid in securing fruit free 
from attacks of fungi and insects. This year Illinois will keep two 
experts in the field instructing fruit growers in methods of spraying 
and general orchard management. Fruit growers need not only liter- 
ature on these and other subjects, but they need the work well done 
before their eyes, to make them alive to the "new horticulture." 

Some fourteen years ago, Ontario employed experts to visit, inspect 
and instruct the makers of cheese and butter. Later this work has been 
chiefly devoted to cheese factories and creameries, which has been the 
means of improving the quality and raising the price of these products 
in a very marked degree. 

New York, Wisconsin, Minnesota have also made much use of itin- 
erant teachers or inspectors of dairying. The Agricultural College of 
Illinois keeps two men constantly in the field in the dairy districts, 
giving. their entire time to the study of all the conditions with a view 
to improvement. 

The same college in Illinois employs one man who devotes his entire 
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time to correspondeDce with young men in different parts of the State, 
interesting them in agriculture and agriculture studies, and in making 
experiments. 

In southern Illinois, there is an extensive acreage of flat land con- 
sisting of stiff clay, almost impervious to water. The land in question 
has enjoyed an enviable reputation as a wheat region, but it does not 
produce good crops of corn, such as is desirable in a good rotation of 
crops. Farmers living in that region said that laying tile in such land 
would be labor lost, but the Dean of the Agricultural College believed 
otherwise. He was educated in Michigan Agricultural College, and had 
the experience of the successful management of his farm in Michigan. 
In a prominent place near the road in southern Illinois, he rented a 
piece of land, drained one-half of it, and planted all to corn, showing a 
marked increase in yield of the portion previously drained. Here was 
an object lesson for the whole region. Farmers began to make observa- 
tions and ask questions. 

There are about four main lines of effort in the extension work: 
(1) Inspecting the premises of farmers in certain country neighbor- 
hoods and giving demonstrations in spraying trees or in the manage- 
ment of a dairy, and inducing farmers to make experiments with pota- 
toes, alfalfa, fertilizer, new farm implements and the like; (2) inducing 
farmers and their wives to organize and then conduct reading courses 
by correspondence; (3) by correspondence, bulletins and visits, carry- 
ing the study of nature into the public schools; (4), giving lectures and 
conducting institutes in various regions of the State. The Agricultural 
(College of Cornell I^niversity has accomplished much in certain lines 
of extension work on account of having considerable money given them 
by the State Legislature, and because it was fortunate in having the 
leadership of Prof. L. H. Bailey, another product of our Agricultural 
College. 

At Cornell they tried faithfully the experiinent of holding itinerant 
schools in horticulture where the attendance consisted mostly of yoiing 
fruit growers for about one week. Prominent on the program were 
named exercises in observing small objects, like leaves or roots, flowers 
or seeds. Questions were asked. It is true that most persons do not 
see what they look at and still fewer persons draw correct conclusions 
from what they see. 

After two years. Professor Bailey reported: "As a result of the 
holding of many of these schools, 1 am now of the opinion that they 
cannot be used as primary factors in University extension. 
These observation exercises were uniformly well received by both the 
pupils and the teachers, and to the minds of our instructors this work 
has awakened more inspiration than any attempt which we have yet 
made to reach the people. In fact, all the instructors whom we had 
in the field during the present year are fully convinced that the funda- 
mental method in improving the agricultural status is to begin with 
genuine and ' attractive nature-education in rural schools. 

"The great need of this work is teachers fitted for it.". 

And later, they report in 1898, and hold to the same opinion in 
1900, that: "The district school cannot teach agriculture any more 
than it can teach law or engineering or any other profession or trade, 
but it can interest the child in nature and in rural problems." 

13 
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Does the rural population appreciate these efforts in extension work? 
In Science for December, 1895, Professor L. H. Bailey, answers this 
question for New York : "Yes I A^ thousand times, yes. Those who have 
kept no track of the farming population can have no appreciation of 
the almost volcanic awakening which is now taking place. Old meth- 
ods are breaking down, old and cherished customs are crumbling, and 
in the confusion of the break-up and the transition, the weak are going 
to the wall; but the best- will survive! Rural life is the life of the 
future. . 

"Good teaching, finds a response everywhere. The college professor 
is not only welcome, but is eagerly sought in almost every rural com- 
munitv." 

The enthusiasm in nature study, so called, came to this country in 
1847 in the person of Louis Agassiz. In following his methods of 
teaching natural history, the student was simply pursuing a correct 
method. 

Old farmers or those of middle age will not often engage with much 
zest in courses of reading. Two efforts were made by a former Pro- 
fessor at the State Agricultural College to conduct courses in Political 
Economy. I knew well some of the persons who joined one of the clubs 
for a course. It was surprising what a variety of excuses were given 
for not getting the lessons, or for not attending all the class meetings. 
To make such courses successful a good deal of patience and energy is 
required on the part of the conductor. 

A dry bulletin does little good to most persons, even though" its 
teachings are of the utmost importance. The effect of many a good bul- 
letin is nearly lost because it is delayed until the need for it is past. 
It is agreed on all hands that we should aim to interest the children, 
as they are the most susceptible, and as they will very soon begin to 
assume the duties which now occupy the time of older persons. 

In 1904, the Nature-study work at Cornell is of the following cate- 
gories : 

(1) Organization of Junior Naturalist Clubs previously mentioned; 

(2) The Junior Gardener movement, being an effort to interest chil- 
dren in the actual growing of plants of their own, and in making ex- 
hibits at fairs; 

(3) Improvement of school grounds; 

(4) .Interesting the managers of fairs in the work of children; 

(5) Home nature-study course for teachers; 

(6) Meeting teachers personally, and giving lectures and demonstra- 
tions in schools and teachers' institutes. 

By extensive correspondence, issuing of leaflets, bulletins, Cornell 
organizes what are called Junior Naturalist Clubs. They consist usually 
of children attending school. Five years ago, Cornell claimed to reach 
in this way 21,000 children, and in this connection and by other means, 
they were in close touch with 6,0000 teachers in common schools. 

Renewed effort is all the time needed, as most of these clubs disband 
at the close of every school year. Besides, most schools change teach- 
ers once a vear or oftener. 

The objects suitable for occupying the attention of children are 
almost endless, and doubtless most of you are already familiar with 
many of these. Curiosity to see and learn is encouraged, not by lectur- 
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ing or telling children very much, but by giving a few hints regarding 
some kind of mammals, birds, reptiles, fishes, insects, worms, soil, the 
behavior of a brook, especially those temporarily formed during a heavy 
rain,- the weather, soils, rocks, weeds, grasses, growing seeds, stocking 
an aquarium and watching the movements of the contents. 

Children may be assisted in getting up a small museum or a show of 
small animals and other objects. 

I name just a few suggestive questions out of the ordinary line : 

(1) Examine and count the seeds in each of five specimens of one 
kind of apple, and compare with seeds from five other apples all of one 
kind. 

(2) Find out whether a blade of June grass grows from the top, the 
middle or the lower end. 

(3) Observe the time of year and what other peculiarities are to be 
discovered in the shedding of leaves by evergreens. 

(4) See how many different kinds of plants can be found growing on 
a square foot of land. 

(5) How do horses, cattle, sheep, swine move their heads in biting off 
the grass? 

(6) Observe how a horse, a cow, a sheep or a hog Hes down and how 
each gets up. 

(7) How many toes has a dog, a horse, a pig, a sheep? 

(8) Will pigs eat hay? 

W. J. Real, Ph. D., Professor of Botany, 

Botanical Laboratory, Agricultural College. 
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INTRODUCTORY STATEMENT. 

The northern states are found to be covered with a mass of stony and 
earthy material which has been brought in from regions farther north, 
and commonly called the drift. It is of very irregular thickness 
from 1,000 feet or more down to a mere skim coating scarcely sufficient 
to conceal the surface of the underlying rock. It fills up to a great 
degree the inequalities of the rock surface, and in places has been built 
high above the tops of the rock ridges. Wells often show its great 
thickness where valleys and ravines fail to cut through to the under- 
lying rock. The roadside and stream exposures furnish numerous 
opportunities for studying it, and show the great variations in com- 
position and structure. Kocks of many kinds are to be found, and 
these present various sizes and shapes. The water worn, well rounded 
pebbles constitute but a small part of the mass, and are often inter- 
mingled with angular rocks both large and small. In places definite 
beds of sand or gravel occur in which the rock fragments are water 
worn. These beds alternate with or grade into masses of earth and 
rocks in which no bedding can be discerned. The unassorted, unstrati- 
fied material is called bowlder clay or till, the latter name being a 
Scotch term which has come into general use. 

In addition to the variations just noted the drift is found to be sep- 
arable into formations of widely diflerent age, one formation being 
superimposed on the weathered and eroded surface of another or separ- 
ated from it by a bed of peat or a well defined soil. The degree of weath- 
ering of the buried land surface is generally greater than the weathering 
found on the surface of the overlying sheet of drift, from which it is 
inferred that the time which elapsed between the two drift depositions 
is greater than has elai)sed sin(*e the later drift was laid down. 

The drift was known to be transported material many years before 

♦Published by permission of Director U. S. Geological Survey. 
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the main agent of transportation was recognized. About sixty years 
ago the great naturalist, Louis Agassiz, who was then living in Swit- 
zerland, found that the transported material of that region had a simi- 
larity in composition and structure to the material which the glaciers 
of the Alps were depositing. TTpon journeying widely over northern 
Europe and America the great extent of glaciation in past ages was 
recognized and the glacial theory brought out. It took many years for 
this theory to be tested sufficiently to satisfy geologists of its wide appli- 
cation. But now every geologist at all familiar with the evidence recog- 
nizes that glacier ice has been the chief agent in transporting the drift. 
There are places in which floating ice has been oi)erative, and, too, 
some of the material included in the drift has been transported by water 
and some by wind. But these are all found to be minor agencies. 

Agassiz supi>osed that the glaciation of northern Europe and Amer- 
ica was produced by a polar ice cap, but it is now known that the ice 
fields bordered the north Atlantic and left much of the polar regions, 
Siberia and Alaska, uncovered. There were several centers of ice 
accumulation, some of them in latitudes thirty degrees to forty degrees 
from the north pole. The ice spread from these centers toward the pole 
as well as away from it. 

There was an early center of glaciation in the province of Keewatin, 
west of Hudson Bay, another in the Labrador Peninsula, and a third 
west of the Rocky Mountains in Canada, while Greenland is still largely 
covered by an ice sheet. However, it is only with the Keewatin and 
Labrador ice fields that Michigan glaciology is concerned. From the 
Keewatin center the ice extended as far south as northeastern Kansas 
and central Missouri, and it may possibly have spread southeastward 
over Michigan to Indiana and Ohio, and then withdrawn in an early part 
of the glacial epoch. 

From the Labrador center the ice extended as far southwest as south- 
eastern Iowa and southern Illinois, and as far south as northern Ken- 
tucky. If the Keewatin ice sheet invaded Michigan it must have been 
prior to the Labrador invasion. 

The material deposited by the Keewatin ice field at its greatest ex- 
tension has been called the Kansan drift sheet, because its extreme lim- 
its are in the State of Kansas. There is another drift sheet completely 
buried under it, — the pre-Kansan. The material deposited by the Labra- 
dor ice field at its greatest extension has been termed the Illinoian drift 
sheet, since it is well displayed and reaches its farthest limits in Illinois. 

The history of glaciation is not confined to a single advance and 
melting away of each of these ice fields, but to repeated advances separ 
ated by. intervals more or less prolonged, in which the ice was either 
restricted to a small area or had entirely disappeared. The Labrador 
ice field is found to have made three such advances and formed three 
drift sheets in the eastern part of the Mississippi basin, which named 
in order from, first to last are the Illinoian, the lowan, and the Wiscon- 
sin. There are drift sheets farther cast which are not vet fullv corre- 
lated with these. The lowan is well displayed in eastern Iowa and 
northern Illinois, but farther east the Wisconsin extends beyond its 
limits.* Michigan was entirely covered by the Wisconsin drift sheet. 

♦A silt deposit called loess occurs extensively over the repion outside the limits of the lowan in 
the Missis'iilppi basin, and appears to be in large part a correlative, and to some extent a dependency 
of that drift sheet. It occurs outside the Wisconsin drift in the states south of Michigan. 
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What little is known here of the earlier drift sheets .is obtained from 
borings and from certain constituents of the drift. 

At the margin of glaciers are ridges- of earth and stones called mo- 
raines made up from material brought by the ice to its edge or place 
of melting. In the mountain glaciers these ridges are commonly but a 
few yards in width. Those formed by the great ice fields of North 
America and Europe are much larger, the width ranging from a mile 
or less up to several miles, and the height from about 25 feet up 
to nearly 500 feet. The surface is ordinarily very uneven, with knolls 
and interlocking ridges among which basins are inclosed. But from 
this sharp expression the surface of the moraine often grades into 
a nearly featureless smooth ridge. The Wisconsin drift carries a more 
complex series of moraines than the older drift sheets, and the portion 
of the Wisconsin drift in Michigan has perhaps greater complexity than 
is to be found anywhere else in the United States. It is the moraines 
with their included lakes that give the southern peninsula much of its 
picturesque scenery. 

The moraines just described are commonly called terminal moraines, 
while the portion of the drift sheet between the ridges is sometimes 
termed the ground moraine, but more commonly the till plain. 

The till plains are often diversified by ridges called drumlins, which 
lead toward the terminal moraines. Some of the ridges have a form 
similar to an inverted canoe with a remarkably smooth and regular 
surface. They are 10 to 100 feet or more in height, and from a frac- 
tion of a mile to about two miles in length, while the width is a third 
to a tenth that of the length. The name drumlin applied to these ridges 
in Ireland has been commonly adopted in this country, though they are 
frequently referred to tis lenticular hills. They are composed very 
largely of a thoroughly kneaded mass of till which has the appearance 
of being built up by slow accretions, as if contributed by a partially 
checked current of dirty ice, the action being similar to that of water 
in building a sand bar. Drumlins are not widely developed in Michigan, 
though they abound between Grand Traverse and Little Traverse Bay. 

Ridges of another class, that lead toward moraines, are called "hog 
backs" by persons not versed in geology, but geologists term them esk- 
ers or osars, applying terms by which they are known in Scotland and 
Scandinavia. They are narrower and sharper and have a more irregu- 
lar surface than drumlins, and are composed largely of sand and gravel. 
They appear to be the product of streams of water that were flowing 
through or under the ice toward its margin. Eskers are more widely 
distributed in Michigan than drumlins, but are most conspicuous in the 
district south and southeast of Lansing. 

The plains between moraines occasionally carry sharp knolls or clus- 
ters of knolls of gravelly constitution which have received the Scotch 
term kame. This name is also applied to sharp knolls of gravel which 
occur in moraines that are not otherwise very gravelly. These knolls 
apparently are due to stream accumulation, but the manner of building 
up is not clearly understood. They are of frequent occurrence in all 
parts of the lower peninsula. 

The plains which border the Great Lakes carry low ridges of gravelly 
material, rei>resenting the beaches of lakes, which stood at higher levels 
than the present water bodies. They are as a rule, only five to fifteen 



GLACIAL GEOLOGY OF SOUTHERN MICHIGAN. 103 

feet high and a few yards wide, but their continuity and regularity give 
them a striking appearance which led to their recognition at a very 
early day. Parts of the shores of the Great Lakes are also marked by 
high sand ridges or dunes formed by the wind from material gathered 
on the beach. Some of these in western Michigan reach a height of 
more than 200 feet. 

PHYSICAL FEATURES OF THE SOUTHERN PENINSULA. 

When one turns to the southern peninsula of Michigan it is surpris- 
ing to find how largely its physical features are the result of glacia- 
tion. Indeed the rock formations are of so little consequence in giving 
this peninsula its topography and scenery that they might almost be 
ignored. Every lake within the State and the Great Lakes on its bord- 
ers owe their existence to glaciation, while the hills, dales, basins, and 
plains are nearly all glacial products. The only places where the rock 
formations markedly influence the topography are in a strip leading from 
Huron to Hillsdale county, and a narrow strip next to Lake Huron in 
Alpena, Presque Isle, and eastern Cheboygan counties. Throughout 
much of the peninsula the rock surface lies below the base of the drift 
ridges and even below the bottom of the valleys. 

The most prominent parts of the peninsula are (1), an elevated tract 
lying between Saginaw Bay and the south end of Lake Huron, and ex- 
tending southwestward into Indiana, which is called the Thumb of 
Michigan; (2) an elevated tract northwest of Saginaw Bay extending 
westward to headlands that border Lake Michigan between Manistee 
and the Straits of Mackinac; and (3) a series of large morainic ridges 
that run southward through the western part of the State a few miles 
inland -from the shore of Lake Michigan. There is also a narrow strip 
of prominent dunes on the immediate shore of Lake Michigan. Plains 
are found on the border of the peninsula along the entire shore of Lake 
Huron, Lake St. Clair, and the west end of Lake Erie, and on the shore 
of Lake Michigan from near Manistee southward. As indicated above 
the shore of Lake Michigan from Manistee to the Straits of Mackinac 
carries a series of headlands and these are interrupted only by valley- 
like lowlands occupied usually by bays and lakes. The most extensive 
plain in the peninsula is one spreading from Saginaw Bay southwest- 
ward nearly to Grand Rapids. This is traversed by a few low and com- 
paratively smooth morainic ridges, and it carries also several gravel 
ridges of the esker type. 

The highest point in the southern peninsula is found about ten miles 
south of Cadillac, in northern Osceola county, and reaches an altitude, 
by aneroid measurement, 1,700 feet above sea level or 1,120 feet above 
Lakes Michigan and Huron. This point, as well as the entire elevated 
tract of the northern part of the peninsula, is known to have an enor- 
mous thickness of drift. The wells have revealed no i)lace in which the 
rock formations rise more than 300 feet above lake level, and through- 
out much of the region they are less than 200 feet above it. On the shore 
of Lake Michigan, from Frankfort past Manistee to Ludington, the 
borings penetrate nearly or quite to sea level before reaching rock, but 
this very low rock surface probably does not extend far inland. While 
no wells yet made have penetrated more than 650 feet of drift, it is 
probable that in places where prominent drift ridges cross the line of 



104 THE MICHIGAN ACADEMY OF SCIENCE. 

preglacial valleys 1,000 feet or more of glacial material will be found. 

The high tract constituting the Thumb reaches about 1,300 feet in 
northern Oakland county and 1,284 feet at Bunday Hill, a gravel knoll 
west of Somerset in northern Hillsdale county. The rock in the vicinity 
of Bunday Hill rises nearly to an altitude of 1,200 feet, and the drift 
on the hills of part of Hillsdale and Jackson county is so thin as to 
scarcely form a continuous coating, though the preglacial valleys are 
filled to great depths. The effect of glaciation on the Thumb has been 
to lessen the reliefs of that region by filling the valleys and bordering 
plains more deeply than it has coated the hills. But in the elevated 
tract in the northern part of the peninsula the drift accumulation on 
its highest parts has been so excessive as to give a greater relief above 
bordering lowlands than that region j)resented in preglacial times, and 
the present surface is 350 to 500 feet or more above the crests of the 
rock ridges. 

The plains bordering the Great Lakes are generally covered to a 
depth of 100 to 200 feet by glacial deposits, but there are places betwe^fn 
Detroit and Monroe where the drift coating is very thin. It is thin also 
on each side of the mouth of Saginaw Bay, and along the shore of Lake 
Huron from Alpena to the Straits of Mackinac, except where the rock 
formations are interrupted, as at Cheboygan, by deep preglacial valleys. 
Rock outcrops appear also along the shore of Lake Michigan from the 
mouth of Grand Traverse Bay to Little Traverse Bay, except where 
interrupted by buried valleys. But the headlands of drift in that part 
of the shore rise to heights of 200 to 400 feet above the rock outcrops. 

Lakes have filled some of the deepest depressions on the borders of 
the State, and have also tended to reduce the reliefs of the interior. 
The bottom of Grand Traverse Bay, an arm of Lake Michigan, extends 
below sea level near its southern end opposite Elk Rapids, but the north- 
ern end, where it opens out into Lake Michigan has only a shallow 
depth of water, about one-tenth that near the southern end. This fea- 
ture suggests that the southern portion may have been deepened by the 
ice, though there is a possibility that it marks a preglacial valley, which 
opened out to Lake Michigan along some other line than that through 
the mouth of the bay. The other narrow finger like lakes which inter- 
rupt the headlands along the shore of Lake Michigan in the vicinity 
of Grand Traverse Bay appear either to mark the line of preglacial val- 
leys or to be places in which glacial erosion was exceptionally intense. 

POSSIBLE EXTENSION OF THE KEEWATIN ICE FIELD OVER MICHIGAN. 

The several glacialists who have had opportunity to compare the Kan- 
san drift sheet with the Illinoian, recognize that the Kansan has been 
much more deeply affected by weathering and erosion than the Illinoian, 
and it appears to be more than twice as old. From this has sprung the 
idea that the 'Labrador ice field may have been relatively small at 
the time of the culmination of the Keewatin ice field. Studies in Michi- 
gan and Ohio apparently bear out this idea, and indicate that the Kee- 
watin ice field may have spread over this peninsula and reached into 
Ohio before the Labrador field had extended into Michigan. Copper and 
certain rocks peculiar to the Lake Superior region, which have been 
found in the southern peninsula and even in western Ohio, support this 
view. It has also been noted by A. P. Low of the Canadian Geological 



GLACIAL GEOLOGY OF SOUTHERN MICHIGAN. 105 

• 

Survey, that the oldest striae iri the region between Lake Superior and 
Hudson Bay have a southeastward bearing, which he interprets to 
"prove that the Keewatin glacier overran the region north of Lake Su- 
perior before it was covered by the Labrador glacier."* The present 
evidence, therefore, seems to indicate that the first invasion into this 
peninsula may have been by ice coming across Lake Superior from the 
region west of Hudson Bay, and that it was not until after this ice 
field melted from Michigan that the Labrador ice field came into this 
State. 

EVIDENCES IN MICHIGAN OF SUCCESSIVE ADVANCES OF THE LABRADOR ICE 

FIELD. 

Inasmuch as the older sheets of drift were completely overridden in 
Michigan in the Wisconsin stage of glaciation, and covered deeply by 
its drift sheets, this is not so favored a i)lace to gather evidence of 
successive ice advances as certain localities nearer the margin of the 
Wisconsin afford, for there the weathering and erosion of the lllinoian, or 
of the lowan drift sheet may be brought into comparison with changes 
in the surface of the Wisconsin. The southern peninsula of Michigan 
lies in the path passed over by the Labrador ice field in the lllinoian 
stage of glaciation and no doubt it received a notable contribution of 
drift at that time. It is also probable that the State was covered by 
ice at the lowan stage of glaciation, for the lowan drift sheet is well 
displayed on the west side of Lake Michigan outside the limits of the 
Wisconsin drift. It is to be expected, therefore, that two drift sheets 
formed by the Labrador ice field, and possibly another by the Keewatin, 
will be met with under the Wisconsin drift. To identify these sheets 
properly one must be familiar with the characteristics of each sheet, 
and must have a sufficiently extensive exposure or large enough sample 
to bring out the characteristics. At present only a few borings have 
been recorded with sufficient definiteness to even suggest where division 
lines between drift sheets should be placed, and no samples of the lower 
sheets have been ])reserved for study. Beds of muck and peat have 
been found between drift sheets in deep borings as far north as Hop- 
kins in Allegan county, and near Shelby in Oceana county. These beds 
of muck and peat occur at a depth of about 1 50 feet, but it is not known 
whether the overlying drift is entirely Wisconsin; it may include also 
the lowan. At Ann Arbor a boring at the court house and also a well 
made by the Water Company struck a much harder sheet of till in the 
lower part of the drift than in the upper part, or Wisconsin drift sheet. 
This harder drift sheet mav be either the lllinoian of the Labrador field, 
or an earlier deposit of the Keewatin ice field. Its thickness at Ann 
Arbor is between 30 and 40 feet, but north of Ypsilanti it reaches a 
thickness of 200 feet. 

EVIDENCE OF THE STRIAE. 

Glacial striae exposed in the southeast corner of the State are found 
to show great divergence in bearing. The latest are directed north- 
westward toward a moraine formed on the west side of the Huron- 
Erie basin. The remainder are directed south of west, some of them 

*Geological Survey of Canada, Vol. XZ, 1902, part D., p. 81. 
14 
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being about south thirty degrees west, and others about south sixty-five 
degrees to seventy degrees west. A possible relation to the several 
movements of the Labrador ice field w^as discussed before the Academy 
in 1902 by W. H. Sherzer, whose paper has since appeared in the Jour- 
nal of Geology. It was suggested by Sherzer that large grooves bear- 
ing south thirty-eight degrees west are referable to the Illinoian stage 
of glaciation; that rather light striae bearing south sixty-eight degrees 
west are referable to the lowan stage ; that a stronger set of striae bear- 
ing about south thirty degrees west are referable to the Wisconsin when 
at its greatest extension, while striae bearing about north thirty degrees 
west are connected with the last moraine formed in that region. The 
value 'of these suggestions has yet to be tested. This succession of ice 
movements appears to harmonize well with the several borders to which 
each is referred. 

LOBATION OF THE ICE MARGIN. 

A prominent . lobation of the ice margin and disposition of the mo- 
raines in great loops encircling the southern ends of the large basins 
was clearly brought out by Prof. T. C. Chamberlin some twenty-five 
years ago, together with the reasons for such lobation. (See Biblio- 
graphy, page 109.) The thicker mass of ice in the basins and the smaller 
resistance to ice movement there than would be found on the bordering 
highlands naturally resulted in the extension of the ice sheet in the line 
of the basin. Chamberlin drew illustrations from the southern penin- 
sula of Michigan, and showed that the Lake Michigan basin, the Sagi- 
naw basin, and the Huron-Erie basin were at a certain stage of glacia- 
tion each occupied by distinct lobes of ice which formed prominent 
morainic systems concentric with their respective basins. The moraines 
of Michigan illustrate more clearly, perhaps, than those of any other 
region the lobing of the ice margin. In addition to the great lobes just 
mentioned there are found to be small morainic loops bordering narrow 
tongues of ice. These are well (lis])layed on the borders of the finger 
like lakes along the east shore of Lake Michigan from Manistee north- 
ward and back a few miles from the shore of Lake Huron from Macki- 
nac to Alj)ena. The tongues were from two to twenty miles long, and 
but one to five miles wide. The headlands which come out to Lake 
Michigan and rise 200 1o .300 foet above the lowlands and the tracts of 
corresponding j)rominence we?t of Alpena that project toward Lake 
Huron appear to be accuuMilations between such small ice tongues. 

STRUCTURE OF THE DRIFT IX MICIIiriAX. - 

The structure" of the drift is more variable in Michigan, both on the 
surface and below, than in a large part of the neighboring states of Ohio, 
Indiana and Illinois. In those states the till or commingled drift 
gi'eatly preponderates over sand and gravel, and contains a large per- 
centage of fine clayey material. In Michigan sand and gravel form a 
notable part of the drift material, and much of the till is loose textured. 
This great amount of loose textured drift seems attributable to the 
excessive glacial drainage resulting from the convergence* of the ice 
lobes. It is best developed in the high portions of the State which were 
built up between the ice lobes. In the plains next to the lake basins. 
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where the ice was spreading out, the till or ground moraine is compact 
and clayey, as it is in states to the south where the ice lobes were free 
to spread. 

The first attempt to represent the several classes of drift on a map 
of the entire peninsula was made by State Geologist A. C. Lane in 1899 
in a report on the Water Resources of the Peninsula, but a portion of 
the moraines of the State were represented by maps prepared by Cham- 
berlin and his assistants many years earlier. It is worthy of note that 
the distribution of the most prominent moraines of the State was known 
to the first State Geologist, Douglass Houghton, as early as 1838, and 
briefly discussed in his First and Second Annual Reports, though the 
name moraine was not applied. The present writer has made a de- 
tailed study and mapping of glacial features and soils, and F. B. Taylor 
of the lake beaches, the result of which await publication. 

GLACIAL LAKES. 

When the ice lobes of the Lake Michigan, the Saginaw Bay, and the 
Huron-Erie basins had shrunk to positions within the limits of their 
respective drainage basins so that there was a slope toward the ice 
front, glacial lakes accumulated to a height sufficient to maintain a 
discharge across the lowest available point on the rim of each drain- 
age basin. The lake which occupied the southern end of the Lake Michi- 
gan basin has been termed Lake Chicago; that at the western end of 
the Huron-Erie basin, Lake Maumee; and that in the Saginaw basin, 
Lake Saginaw. The outlet of Lake Chicago was through the Desplaines 
River valley to the Illinois and Mississippi ; the outlet of Lake Maumee 
was through the Wabash and Ohio valleys into the Mississippi, while 
the outlet of Lake Saginaw was through Grand River valley to Lake 
Chicago. Eventually the ice shrank sufficiently to permit the lake in 
the Huron-Erie basin to discharge to Lake Saginaw, and finally become 
merged with that lake at a common level. Each change of outlet and 
lowering of lake level has given rise to the application of a new name 
to the water body in the Huron-Erie basin so that its stages are called 
successively Lake Maumee, Lake Whittlesey and Lake Warren. At each 
of these levels the lake persisted long enough to form a strong beach or 
shore line. The shore line of Lake Whittlesey attracted the attention 
of Bela Hubbard and others in the first Geological Survey, and was 
traced by Hubbard from Lenawee county, to St. Clair. A large part of 
the mapping of these shore lines in Michigan has been done by F. B. 
Taylor, though numerous short sections of them have been traced out 
by other students in an incidental wav. 

An interesting result of the study of these old shore lines appears in 
the evidence they bring of a change in the attitude of the land. Upon 
passing from south to north a given shore line is found to increase in 
altitude, and as the increase is greater than can be accounted for 
through the attraction of the ice sheet on a water body, it is evident 
that a northward differential uplift has occurred. Recent studies of 
the Great Lake basins by G. K. Gilbert (see Bibliography, page 109), 
indicates that the uplift may still be in progress. 
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ORIGIN OF THE GREAT LAKES. 

The origin of the basins or depressions that contain the Great Lakes 
of North America is a matter upon which much has been written. It 
is generally thought that these basins did not hold great bodies of fresh 
water in preglacial times, and it is considered doubtful if any of them 
were occupied by salt water connected by a strait with the ocean. On 
the contrary it is commonly supposed that before the Glacial epoch large 
river valleys were discharging through the tracts now covered by the 
Great Lakes either southward to the Gulf of Mexico or eastward to the 
Gulf of St. Lawrence. A difficulty in the acceptance of this interpre- 
tation is found in the v^ry low altitude reached by some of the lake 
basins. The Lake Superior basin drops in its deepest part to 400 feet 
below sea level, the. Lake Michigan basin to nearly 300 feet, the Lake 
Huron basin to 150 feet, and the Lake Ontai'io basin to nearly 500 feet. 
Evidently river drainage alone did not give these basins their present 
low altitude, and supplementary agencies must be called in. It is 
thought by most geologists who have given attention to this subject that 
the low altitude was produced in part by a removal of material by the 
ice fields which are found to have utilized these basins as lines of axial 
movement in one or more of the great invasions. The large amount of 
drift carried from each basin into the bordering districts certainly 
strongly supports this view. It is held by several glacialists that the 
Great Lakes region and country to the north stood much higher before 
the glacial epoch than since, and some hold that the weight of the ice 
sheet caused much of the depression. Gilbert's studies indicate that the 
region is now working toward a higher elevation, and if the uplift is 
continued long enough it will bring the beds of the Great Lakes above 
sea level. The explanation of the very low altitude of parts of the basins 
of the Great Lakes seems likely, therefore, to be found in a combination 
of glacial erosion and a depression of the region either by the weight of 
the ice or as a result of internal stresses. It should be borne in mind 
that the contours or shapes of the basins of the Great Lakes have been 
greatly modified by drift accumulations so that they bear but little 
resemblance to a river valley. 

The tributary preglacial drainage lines can in some cases be located 
by means of the deep borings and traced toward the basins of the Great 
Lakes through tracts where there is no surface indication of their 
presence. By means of these borings Dr. A. C. Lane, the State Geolo- 
gist, has reached the conclusion that much of the drainage of the south- 
ern penisula of Michigan led westward into the Lake Michigan basin. The 
preglacial outlet from that basin toward the Mississippi has not yet 
been discovered. 
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REPORT OF PASTEUR INSTITUTE OF THE UNIVERSITY OF 

MICHIGAN. 

THOMAS B. COOLEY. 

It is now just a year since we began giving the Pasteur treatment 
here at the University. During that time we have had under treatment 
thirty-eight patients, the last of whom has not yet completed his time. 
Of these thirty-eight persons, thirty-seven were from Michigan and one 
from Kentucky. Our Michigan patients have all come from the south- 
ern portion of the State, and a majority of them from Detroit and its 
suburbs, where rabies has been quite prevalent. 

In addition to administering treatment to persons who have been 
bitten, it has been a part of our work to make diagnostic inoculations 

^ from animals suspected to have had the disease, and while the number 
of such cases referred to us, aside from those where the animal had 
bitten persons, has been surprisingly small and out of proportion to 
the number of outbreaks of rabies known to have occurred, the fact 
that we had positive results in some recent cases from quite widely 
separated localities, shows that the disease is not yet stamped out, and 
is ready to spread again at a favorable season. 

' Another and an important part of our work, of which I am sorry to. 
say that I have kept no record, has been the giving of advice to people 
who had been bitten by animals, and who were alarmed over the possi- 
bility of rabies. The number of such cases where I was able to assure 
the patient that there was no reason to fear rabies and no necessity for 
undergoing treatment has certainly been greater than the number actu- 
ally treated, and a proportion of these, if they had not had an institute 
near at hand, would surely have gone to some one of the other institutes 
in the country, and possibly have been put through a needless and ex- 
peiisive treatment. I found it very diflScult to persuade some of these 
people that they were in no danger ; in one case I was obliged to refuse 
outright to treat the child of a man upon whom my assurances had had 
no effect. We have exercised the greatest care not to take any patients 
unless there seemed really to be good reason to fear rabies, and in the 
two cases I shall speak of later, where our animal inoculations gave 
negative results^ treatment was begun before the diagnosis by inocula- 
tion could be made, solely on account of the insistence of the patients 
or their friends. 

The institute here was of course established primarily in order that 
the people of this State may have free treatment when it is necessary, 
but it would seem only natural that we should get also cases from north- 
ern Ohio and Indiana, inasmuch as we are nearer to them than any other 
institute, and I think it very probable that when the existence of an 
institute here becomes more generally known, we shall get such cases ; in 
fact, it seems likely that we should have had some of them before now if 
we had thought it proper to solicit patronage in the way- that some of 
the purely commercial institutes do. 
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The statistics regarding our thirty-eight patients are as follows: 
Twenty of them came from Detroit, four from }r^aginaw, three from 
Grand Rapids, two each from Ypsilanti and Holland, and one each from 
Williamston, Cass City, Royal Oak, Kalamazoo, New Baltimore, River 
Rouge, and Lexington, Kentucky. Thittty-six were bitten by dogs, one 
by a* cat, and one by a horse. This last is rather an uncommon occur- 
rence, not so much because rabid horses are so very rare as because it 
is unusual for human beings to be bitten by them. * 

More than half the number (twenty) came during the first three 
months, when there was a considerable epidemic of rabies throughout 
the southern part of the State, and it is interesting to note that the 
longest period during which we have been without a patient was in the 
so-called "dog days" in August and September, when madness in ani- 
mals is popularly supposed to be especially common. 

It is customary in the reports of Pasteur Institutes to classify the 
patients according to whether the biting animal was shown by experi- 
mental inoculation to be rabid, whether rabies was diagnosed by a 
veterinary, or whether the animal was merely suspected to be mad. 
Classifying our patients in this way we have had fifteen (an unusually 
high percentage) where the animal was shown to be rabid by inocula- 
tion, six where rabies was diagnose! hy a veterinary, and seventeen 
where rabies was suspected. In a series of cases relativel}^ so small, 
however, it is possible to subdivide the cases further, and say that out 
of the seventeen suspected cases there were eight where the history was 
such as to make it almost certain that the aninuil was mad, and two 
where diagnostic inoculations were negative. These two I have spoken 
of before. 

I am happy to say that so far it has not been necessary for me to 
record any cases where the disease has developed, either during or after 
treatment. 

On the whole, considering that this was our first year, I think we have 
reason to be satisfied with what we have done, and to feel that the 
Regents of the University were justified in providing for an institute, 
for it seems quite certain that rabies has obtained such a foothold in the 
State that it is not liliely to be permanently stamped out, but will be to 
some extent endemic, and under favorable circumstances, epidemic. 
In view of this fact it is an advantage to the people of the State to have 
an institute near at hand where they can have prompt and free treat- 
ment. 
Thomas B. Cooley_, A. B., M. D., 

Assistant Professor of Hygiene, University of Michigan. 
Ann Ajbor. 
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SOME PROBLEMS IN SANITARY SCIENCE. 

GUY L. KIEFER. 

When I was asked some time ago by the chairman of the Section of 
Sanitary Science 'of this society to read a paper at this meeting, it 
occurred to me that it might be well to bring up for your discussion a 
few of the problems that are most commonly met with in public health 
work. If I were to attempt to discuss many of these problems the time 
would not suflflce, and I will, therefore, limit this paper to the consider- 
ation of only a very few such as have presented themselves to me as of 
especial importance. 

One of the greatest and most serious problems that our science has 
to deal with is the so-called '^Spitting Nuisance." As medical science 
advances, the dangers due to this terrible nuisance become more and 
more apparent and manifold. We know now that tuberculosis of the 
lungs, pneumonia, and other very fatal diseases may be spread in this 
way. In all of these diseases the specific germ which is the direct 
cause of the disease, is located in the sputum and by the spitting nui- 
sance, so common in our great country, millions of bacilli of consump- 
tion and pneumonia are thrown upon the public streets and on the 
floors, not only of public but also of private buildings. These parti- 
cles of sputum become dry and infinitely small parts of them containing 
the specific organisms of the diseases named are carried through the 
air and conveyed to the throats and lungs of susceptible persons who 
subsequently succumb to the given disease. Now what is the remedy? 
What is the solution of this very important problem? The establishment 
of public opinion against this nuisance. Boards of health all over the 
country are attempting to educate the public in this respect and to 
this end so-called "spitting signs'' have been placed in public places, 
in street cars, in theaters and other public buildings and even on the 
street corners, calling attention to the fact that spitting in public places 
is a nuisance and is detrimental to the public health, and that it is 
therefore forbidden. This method has undoubtedly had some good effect 
and as it becomes more universally adopted, the good effect will be 
more apparent. But even with these and similar public measures prop- 
erly carried out, the battle is only partly won. Such public measures, 
even when legally enforced, reach only the offender who is guilty of 
spitting in public places. The person who pollutes the air of his own 
home and endangers the lives of the very ones who are most dear to 
him, can not be reached by legal measures. He must be educated, he 
must be taught by public opinion that a habit which he has formed 
years before and which he has always considered harmless, must be 
broken off because it is positively dangerous to those about him. Now 
let us see why the abatement of this spitting nuisance is of such prime 
importance as a sanitary reform. Tuberculosis and pneumonia are the 
principal diseases that may be spread in this way; not only does the 
15 
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saliva of persons who are ill with either of these diseases contain the- 
specific germ, but probably the more dangerous person is the one who 
is not ill with either of the diseases, but whose sputum contains the 
germ and is therefore capable of spreading the contagion. Non-sus- 
ceptible persons may carry and spread the specific germ of any given 
disease without themselves contracting the disease. In order to rem- 
edy the evil then it is necessary to educate all "spitters," to eradicate 
entirely this filthy habit. In our mortality records what do we find to 
urge us on in this fight against the spread of consumption and pneu- 
monia? During the year ending June 30, 1903, there were recorded in 
the city of Detroit a total of 5,171 deaths from various causes. The 
disease causing the greatest number of deaths was pneumonia with 405 
victims and tuberculosis stands second on the list, having caused dur- 
ing the one year, 329 deaths. In a leaflet recently published by the 
Michigan State Board of Health, we find the following statement : '^In 
Michigan the most dangerous communicable diseases, named in the order 
of their importance as causes of deaths during the ten years ending in 
1897, were consumption, pneumonia, diphtheria, etc. Averaging the 
mortality statistics collected under the new law for the three years, 
1898-1900, the latest yet compiled by the State Department, the order 
of importance of the dangerous communicable diseases, as causes of 
deaths, was as follows : Consumption, pneumonia, meningitis, influenza, 
typhoid fever, diphtheria, etc." A little further along this same leaflet 
tells us: "Pneumonia is rapidly replacing consumption as the greatest 
single cause of deaths in Michigan." In each of the statistical tables 
above referred to, smallpox stands at the bottom of the list as a cause 
of death in Michigan — it was formerly at the top of the list. Now con- 
sumption and pneumonia are vying with each other for first place. 
Smallpox was forced down from its exalted position by sanitary meas- 
ures and reforms, the enforcement of which was made possible by pub- 
lic opinion. The public feared, hated, dreaded smallpox; the public 
wanted the disease stamped out. Vaccination was offered by sanitary 
science as the one principal preventive measure — public opinion, after- 
many years of education, asserted itself, demanded vaccination and 
smallpox was forced to the bottom of the list of death-causing commun- 
icable diseases. The same result can and must be accomplished with 
consumption and pneumonia. The public must learn to fear and hate 
these diseases, the public must demand their restriction. Sanitary 
science says one of the principal preventive measures is the abatement 
of the spitting nuisance. The public must demand its abatement. In 
this way one of the most important problems in sanitary science today 
may be solved. . 

In quoting from the leaflets of the Michigan State Board of Health, 
it may have occurred to some of you that in the compilation of causes 
of deaths for the ten years ending in 1897, diphtheria was the disease 
immediately following pneumonia, making diphtheria third in import- 
ance as a cause of deaths in Michigan. In the statistical table for the 
years 1898 to 1900, diphtheria was sixth on the list. This reduction in 
the mortality of diphtheria is again a demonstration of the value of 
preventive measures recommended by Sanitary Science and carried into 
effect by the aid of public opinion. Isolation and disinfection in cases 
of diphtheria are the preventive measures that have been in vogue for a 
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number of years and they have been productive of more or less good, 
depending upon the effectiveness and thoroughness with which they were 
carried out. In 1894, diphtheria antitoxin was introduced as a pre- 
ventive and curative agent in cases of diphtheria. The public and even 
a large percentage of the medical profession rebelled against this inno- 
vation. It was necessary to establish public opinion in favor of the 
use of antitoxin. Judging by the mortality statistics quoted above, this 
education has been slow. For at least three years the teachings of 
scientists and sanitarians had little effect and the death-dealing diph- 
theria held its place in the list of dangerous communicable diseases. 
During the next three years, however, this new method has become more 
popular and the effect is apparent. In Detroit during the past three 
years we have made every effort to convert people to the use of antitoxin. 
Whenever a person has been exposed to diphtheria he can be protected 
against this disease by a dose of antitoxin as surely as a person who 
has been exposed to smallpox can be protected by vaccination. Vaccin- 
ation has stamped out smallpox, antitoxin can and will do the same with 
diphtheria. The board of health offers diphtheria antitoxin free to all 
persons for the purpose of immunization and therefore no one need 
hesitate to use it on account of its cost. Antitoxin is harmless and 
should be used in all cases of exposure. The number of cases in Detroit 
has been greatly reduced by a free use of this remedy as a preventive 
and the mortality has consequently been reduced, inasmuch as a certain 
percentage of the cases thus prevented would have been fatal had they 
been allowed to develop. The use of antitoxin is still in its infancy, 
public opinion 'in favor of its use is not yet strongly established. The 
public must demand its use and just in proportion as they do, will the 
cases of diphtheria and the deaths from this disease be reduced. It is 
the privilege and perhaps the duty of the intelligent members of a com- 
munity to help mold this public opinion. I submit this question to you 
as a second problem in sanitary science worthy of your attention. 

Referring again to the State Board of Health mortality statistics, we 
find typhoid fever fourth on this list in the first table and fifth in the 
second. Typhoid fever is, then, a disease of considerable importance in 
this State as a cause of death. In Detroit this disease caused sixty 
deaths during the year ending June 30, 1903. It is a well known fact, 
and one that is universally accepted, that typhoid may be and is, in a 
large percentage of cases, spread by the drinking water. The specific 
germ of this disease is found in the discharge of the patient and may be 
readily transmitted to the water supply and in this manner many epi- 
demics have been caused. In a comparatively recent number of the 
"Municipal Journal and Engineer,'' Mr. George W. Fuller has published 
a table giving the typhoid fever death rates for 1898, 1899, 1900 and 1901 
and the average for these four years of all cities in the United States 
having over 30,000 population. There are 132 cities in the table, and 
there are but eight with a lower typhoid fever death rate than Detroit, 
which for the four years has an average death rate from this disease of 
eighteen per 100,000 inhabitants. Mr. Fuller, in a very instructive arti- 
cle accompanying the table referred to, says concerning the interpreta- 
tion of typhoid fever death rates as applied to public water supplies: 
"Just where a line should be drawn separating a pure water supply from 
a suspicious one, according to typhoid fever death rate, is, of course^ 
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a difficult matter to decide upon, owing to the influences of many vary- 
ing local factors. As a general proposition, however, sanitarians are 
inclined to regard as more or less suspicious the public water supply of 
a city where the death rate regularly or usually exceeds thirty per 
100,000, and where such rates are not largely explained by epidemics 
due to factors other than the water supply." 

The average typhoid fever death rate in Detroit, for the four years 
referred to was eighteen per 100,000 and at no time during the past 
nine years has our death rate exceeded twenty in 100,000. In keeping 
with this finding are the results of repeated analyses of our drinking 
water. The Detroit water is examined at least once every month by the 
chemist and bacteriologist of the board of health, and at no time during 
recent years has it been found in anything but a safe condition and usu- 
ally it is found to be excellent. According to these reports we must look 
for the cause of our cases of typhoid fever somewhere outside of the 
drinking water. Besides the water supply there are two other ways in 
which typhoid fever is spread, one way is by personal contact and this 
is usually limited to military camps or other similar surroundings. In 
such places many cases of the disease are crowded together and by 
means of soiled bed clothing or infected articles of wearing apparel, 
the specified organism of the disease may get on to the hands of per- 
sons not previously infected who may then infect themselves. The other 
common carrier of the typhoid fever germ is the house fly. Dr. M. J. 
Rosenau, Director of the United States Hygienic Laboratory at Wash- 
ington, 1). C, in a valuable book on "Disinfection and Disinfectants" 
says: "Flies are responsible for much of the spread of typhoid fever. 
They breed in and feed upon the dejecta and the infected discharges, 
thereby conveying the infection directly to the food supply. It is easy to 
understand how flies and other insects with similar habits, carry the 
typhoid bacilli smeared upon their *feet and bodies, as well as in the 
intestinal contents, thereby contaminating the meat, the butter and other 
foods, especially the milk, in which this organism grows so well." The 
Commission appointed by the United States Government to investigate 
the causes of typhoid fever among the United States soldiers in the south 
at the time of the late war with Spain, found that the house fly, as a car- 
rier of the typhoid germ, was one of three causes of the spread of the 
disease, the other two causes being infected water supplies and personal 
contact by the close housing together of many soldiers in crowded and 
unsanitary camps. It would seem then that the house fly must be con- 
sidered an important factor in the spread of typhoid fever. What does 
this mean? A very concise and appropriate answer is found in an edi- 
torial on "Flies as Disseminators of Disease," which appeared in "Ameri- 
can Medicine," June 22, 1901. The. article says, in part : "More effective 
measures are needed for destroying flies and preventing their multiplica- 
tion. Until some successful method has been devised for exterminating 
flies, special care should be taken to prevent their access to sputum, pus 
and other infectious material ; fruits and foodstuffs should be thoroughly 
cooked or washed if flies have been allowed to come in contact with them 
and should be protected from flies after preparation for use." The in- 
dividual householder can protect himself and his family from the typhoid 
carrying pests by means of screens and the housewife can add further 
protection by giving such care to the foods as described above, but the 
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proper place to begin, it seems to me, is at the breeding place of the fly, 
if, as the editorial points out, we wish to adopt "more effective measures 
for destroying flies and preventing their multiplication." Referring to 
the life history of the common house fly in ^'The Insect Book," by Dr. 
L. O. Howard, wfe find the following description: "The house fly lays 
its eggs by preference in horse manure. The universal occurrence of 
uncared-for piles of horse manure in cities is therefore not only a source 
of great discomfort, but is inimical to health, since the house fly un- 
doubtedly distributes disease germs. The numbers in which house fly 
larvae occur in horse manure piles may be understood when the state- 
ment is made that from a quarter of a pound of manure from the center 
of a pile, 160 larvae and 146 puparia of the house fly were taken. This 
would make about 1,200 house flies to the pound of manure." It would 
seem as though the house fly question is another important problem for 
our consideration. 

These are but a few of the problems presented by sanitary science and 
a study of the methods in which the most fatal communicable diseases 
are spread would present a number of similar problems. For example, 
a study of the spread of malaria, calls to our mind the fact that the 
specific organism of this disease- is carried by a certain species of mos- 
quito, and to restrict malaria it becomes our duty to exterminate that 
particular kind of insect. In the same way bubonic plague leads us to a 
fight against rats, which are the carriers of this disease, and so on, through 
a long list of diseases. It is evident from this brief consideration of 
the subject, however, that the solution of all sanitary problems must be 
reached to a great extent by a campaign of education. Sanitary Science 
points out the remedy, but the public must be taught to accept it. 
Guy L. Kiefer, A. M., M. D., Chief Health Officer, 

Lecturer on Hygiene in Detroit College of Medicine, 
Detroit. 
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DOMESTIC SCIENCE IN ITS RELATION TO SANITARY SCIENCE. 

CARRIE A. LYFORD. 

Time was when a knowledge of scientific facts was confined to the 
laboratories of men of science. In these laboratories discoveries were 
made, facts were proven, and laws were formulated which have gradually, 
yet radically, altered the life of the human race. How gradually only 
the scientists themselves know, for others can realize little of their weary 
hours of labor, nay, years of toil, which have been necessary to bring 
about any definite action. But how radically even the uninitiated can 
feel — for. all can look back on the primitive methods of life when little 
was known of the sciences and when the wonderful aid of their magic 
could not be invoked. It is not necessary that the glance be wholly 
a backward one, which is to show us the primitive methods of life — 
even at present we can find certain classes of people and various methods 
of labor which have been little affected by the truths ^f scientific laws. 
Not because these laws could not affect them, were they understood, but 
the people themselves have not been reached by the scientists, the methods 
of labor have not been studied as have those which are more distinctivelv 
of a business or financial nature. 

While the first incentive to scientific study seems to have always been 
the result of singular phenomena awakening special interest in minds of 
an investigating and inquiring nature, the pursuit of the study of the 
sciences has undoubtedly been much encouraged by many material con- 
ditions, — the desire to add to the comforts and conveniences of life, to 
facilitate business, to perfect navigation, to establish methods of com- 
munication between different peoples, increase the means of commerce, 
and so on without limit. So, to a certain extent, scientific knowledge is 
no longer confined to the laboratory or to the scientist who labors in the 
laboratory. More and more the outside world is being admitted into those 
secrets of nature which the scientist can reveal. Nor is this diffusion*of 
knowledge accompanied with a weakening of the helpful spirit of re- 
search which promotes true study. Rather it furnishes it with countless 
fields of labor formerly unsuspected. One by one are these being entered 
upon and investigated. The "division of labor" is not a principle laid 
aside in the scientific world. Each student turns to that field which 
most interests him, or in which he feels himself most needed, and yet the 
sum of them is not all exhausted. 

Singularly enough, those things with which we are most intimately 
concerned so often, seem to be the things least affected by our increasing 
skill or knowledge. Why that should be so it would baffle even a scientist 
to tell us, but that it is so we must recognize, even though we do so with 
hesitation and reluctance. So frequently the things which we do with 
our hands are too hopelessly remote from the thoughts with which we 
occupy our minds. The chemist may occupy his working hours with 
an investigation of the boiling point of a certain liquid, or the tempera- 
ture at which it fifeezes, or he may be testing its power to unite with 
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some other substance and make an exhaustive st-udy of the result. But 
that night he will probably watch with equanimity or absolute lack 
of interest some process of cookery by means of which the food pre- 
pared for him may undergo changes even more intricate and possibly 
of much graver results to both his physical and mental well being. The 
physicist may make known to his class all the laws of heat, but never 
pause to give the fire tender in his home even the simplest of these laws 
whereby he might make possible more expeditious and skillful work and 
the saving of an entirely superfluous expenditure for fuel. The doctor 
may make his calls faithfully each day and conscientiously prescribe for 
oach of his many patients, but in his home his children may b^ allowed 
to eat pickles and cookies and candy without check, and the mother may 
ruin her nervous system by seeking rest through the soothing effects 
produced by the milder stimulating drinks — tea and coffee. THese things 
are not at all singular, not uncommon, nor are they stated as if they 
had been discovered through the action of experiment. They form the 
common background of our lives and indicate the directions into which 
scientific investigations have failed to penetrate with any marked or tell- 
ing effect. Not that efforts have not been made, but where they have the 
results have too often been marked with failure. Lack of interest on 
the part of the worker, should the scientist endeavor to work with or for 
her, and lack of appreciation by the scientist of what her work has to 
offer, are the conditions most often met with. 

The laws of science, of what avail is it to know them, if they cannot 
help us in our lives? And where in our lives do we come more nearly 
or more often in contact with natural phenomena than in the work 
connected with the home? The housekeeper's labors bring her very near 
to the scientist for help and counfeel, and upon him she must pretty gen- 
erally be dependent, for her labors are all so engrossing and continuous 
that she can seldom be the scientist, too. But she can learn of him and 
understand the processes through which she must carry her labors, and, 
menial as much of her work may seem and truly is, such knowledge will 
make it rich with a value that is two- fold, for "The spirit may open wings 
as wide as the firmament in a cell as narrow as the human hand." Nor 
is the reward wholly to her who thus awakens to the true worth and 
beauty of her work, for no field offers work of more real value, no field 
is more sadly in need of investigation, and nowhere will the results 
be of greater benefit than in that which concerns the daily life of all the 
world. 

A mutual impulse causes the home-maker to open to the scientist the 
gates which have enclosed her life Work, even as he has turned toward 
them in his spirit of investigation, searching for those conditions which 
his science will effect and which can, in turn, make it worth while. 

Everything in the housekeeper's life is vital — living, life-giving or life- 
given. Nothing is permanent, nothing without its special force. From 
the food which is to make and sustain the body and thus enter into the 
dwelling place of a human soul, to the air which we take into our bodies 
as "the breath of life," nothing is unimportant or unworthy of con- 
sideration. It is quite worth while to separate the housekeeper's labors 
occasionally in order to study them and view them in their true light; 
to remove them as it were from among the oft-repeated household tasks, 
which, to the uninterested worker, grow to be drudgery, and from the 
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considerations which geem petty, because so constantly before us. The 
subject of sanitation has grown to be of no less importance, since it has 
ceased to be a dictionary word and become a household term. More and 
more it grows to be the housekeeper's "problem," as she feels the im- 
portance of the subjects and as the scientists realize how many of its 
problems lie so almost entirely in her hands. 

If we think of only those two important agents which nature employs 
in her sanitary work of purifying and cleansing — air and water — we 
may come to know how closely woman's work as a housekeeper allies her 
with the scientist who devotes his time to a study of sanitary conditions 
and laws. The housekeeper must be sure to procure pure air throughout 
her domain, and the limits of that domain should be the bounds of the 
house. The air within must be breathed bv all the inhabitants of the 
house; when hot, it is used as a medium for heating the house and for 
performing many processes of cooking; at other times it is used to chill 
articles of food, and so preserve them; sometimes, perhaps, cool air is 
found to be a necessity to aid in the care of the sick; and, interesting as 
it is important, the cook frequently depends almost exclusively upon air 
to render her dishes attractive, appetizing and even wholesome — witness 
the omelettes, souffles and light breads, into the egg of which air has 
been beaten in order to separate the mass and make it light. One of 
the important agents in her work, ah' demands her care and considera- 
tion ; — she must know of its composition, how it is affected, how it may 
be purified and kept pure. The air in a house is sure to depend very 
much on the locality of that house. The presence of household operations 
will effect the air — the smoking of the kitchen stove, the boiling of meats 
and vegetables, the heating of fats, the steaming from the processes 
taking place in the laundry. The numbers in the house, their age, health 
and personal habits, will affect the quality of the air and must be known 
in order to help one to determine the methods necessary to control it. 
Disease germs may be present, due to illness of some member of the fam- 
ily, it is the housekeeper who must make that her care. Germs of other 
kinds may be present, due to carelessness in handling food materials. 
Objectionable dampness, due to unsanitary conditions of water and waste 
pipes of the household, especially those of the kitchen, which are the 
ones most used, is another thing against which the housekeeper must 
strive. It would almost seem that her life were one of constant strife, 
were it not known that obedience to natural laws, throughout, and the 
help of natural agencies, will be enough to remove almost all the dangers 
with which she is threatened. Pure air and sunshine, the things which 
will help most to keep things sweet and bright, nature bestows most 
liberally if the too prudent house-wife does not cut them off. Bright 
sunshine, pure air, fresh water, these three are the natural aids which 
come to the hand of the housekeeper as things of first value in her 
laboratory. 

Water, for a beverage, as a part of other foods, as a medium in which 
to cook foods, for cleaning and obtaining sanitary conditions in many 
ways, occupies as prominent a place in performing housework as in carry- 
ing on the work in the human body, where it is a food solvent, carrier 
of nutrients, agent for removing wastes, active in all processes of change 
and an essential part of the tissues, giving them the proper consistency 
and elasticity. As a beverage no other can equal it, and yet it may be 
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filled with dangers. Domestic Science has made the housekeeper cognizant 
of that fact, and ^she knows from what sources pure water may be 
obtained and how it may be purified, appreciating the Chinese fondness 
for tea, since the boiled water, used in making it, saves them from drink- 
ing the dangerously polluted water of their big cities unsterilized. Care- 
lessness in plumbing and drainage, which constantly comes under the 
eye, is as much a problem of the housekeeper as of the plumber who 
puts in the work or the one with a knowledge of sanitary science who 
must pass judgment upofi it. It is the housekeeper's problem and her 
judgment should be sufficiently good to pass sentence. When she can 
do so definitely, her anxious and troubled times will be lessened, even as 
the health of the family will improve. Nature has taught us so much 
in constantly ridding every form of life. from all waste and decay; we 
need no stronger lesson for our model. All the visible filth with which 
we become laden in our persons and about the house can be removed and 
fought against with definite evidence of success. The dangers attendant 
upon their presence, if from inorganic materials, are the clogging and 
poisoning of the skin,, the ruining, by wear and tear, of clothes and other 
materials about the house. Vegetable decay from foods, house plants 
and old flowers, can be guarded against with vigilance and abolished 
with care, so the dangers are not so grave as those which come from ani- 
mal wastes. These are from the alimentary canal, from the lungs and 
skins. If visible, the dangers from them are slight, for they are observed 
and soon overcome. If not visible, such as those which come from air 
expelled from the lungs, the dangers may lurk about with little chance 
of being discovered until it is too late. Of these, then, one must learn 
and know. 

The housekeeper's work is not made more difficult by a knowledge of 
these questions, but is rather flooded with light, as she recognizes more 
fully the efficacy of nature's aids — air, sunshine and water, the greatest 
purifiers. The life of one who does not understand is full of troubled 
questionings, which work itself cannot solve. The one, who through a 
knowledge of Domestic Science, has been able to take some hold on Sani- 
tary Science, from i^receiving the answer to countless of her queries, will 
be able to live her life with an intensified, awakened interest, her mind 
will be alert and all her work intelligent. The results of her labors will 
be the securing of pure, stimulating air for all the household, healthful 
food, pure water, cleanly surroundings and the final product will be the 
healthful body, resistant of disease. 

Domestic Science is not an independent study, but is the aggregate of 
all the sciences which underlie the making of the home. Its problems 
lead in various directions, calling for much of knowledge in divers ways. 
Many of its labors seem jet unaffected by the light of knowledge which 
has been poured upon them. The workers are slow to understand that 
science is necessary to them, and that it will be a valuable aid. With 
the responsibility of many of the gravest sanitary questions in her hands, 
the home-maker ignores the simplest laws of personal hygiene for her- 
self and for her family. But the movement which has begun toward 
better things is something more than a mere awakening. The science of 
the home has made forward strides within the last quarter century. Not 
yet universal, it will become so, when the home-makers, together with 
16 
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the scientists, are able to make known to others the real pleasure and 
profit of true work, the benefits and joys which conie^from right living. 
Miss Carrie A. Lyford^ 

In charge of Domestic Science, 
Agricultural College. 
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THE OBJECT OF COOKERY IN THE SCHOOLS. 

JENNETTE CARPENTfeR. 

Men have given years of valuable time to the study of science, but, until 
very recently, the science which directly affects the life of every human 
being, has received little attention. Apparently we are much more con- 
cerned about the food which our domestic animals shall have, than about 
that from which we ourselves draw our nutrition. 

Throughout this broad land there are thousands' of homes, and in each 
and every one of them, three times a day, the members of the house- 
hold are directly concerned with the art and science of cookery. Prob- 
ably in the great majority of cases, the chief interest is to have a meal 
served, which shall satisfy the appetite regardless of its meeting the re- 
quirements of the body. Many housekeepers know how to prepare a 
dainty and an attractive meal, but few know whether or not the food 
furnished is nutritious, or whether or not is it fitted to the needs of the 
individual members of the family. Many women have little idea of the 
relative food value and cost of foods. The butcher tells us that many of 
his poorest customers buy the more expensive cuts of meat, not be- 
cause of their superior flavor, but because of the lack of knowledge on 
the part of the cook. She does not know that with proper cooking, 
many cheap cuts of meat can be made into palatable dishes which will 
furnish more nutriment than the tender and easier cooked steak which 
is more expensive. In other cases, where food is well selected, it is so 
cooked that it is rendered indigestible. 

Years of study have been given to "how to cure sick people," but very 
few to how to keep persons so nourished that their bodies can resist 
disease; but health and strength depend upon food. A recent medical 
journal has this to say on this subject, "to raise a race physically and 
mentally sound, the children must be well fed; and in order to bring 
about this result, the women of the poorer classes must possess a knowl- 
edge of selecting suitable food and of cooking it in the proper manner." 

The aim of all education is to make more useful members of society. 
It is in the public schools below the high school where most of the 
future citizens receive their education, and it is there that cookery should 
be taught. No one will question the value of manual training as an 
aid to education, inasmuch as it trains the hand to do the will of the 
brain. Shop work, sewing and cooking are all included undbr manual 
training, and of these cookery, because of its relation to the home and 
to the health, seems of greatest importance. 

Cookery includes the choice of food materials, their cost and food 
value, the care before and after preparation, the method of preparation, 
and the digestibility of materials. In the work in cooking, as taught 
in the public schools, the lessons cover the effects of the application of 
different degrees of heat to the different classes of foods — the effect upon 
starches as illustrated by cereals, upon the albumen of egg, milk and 
meat ; upon gluten of wheat, and upon the fats. The food value, the cost, 
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and the digestibility of these articles as cooked, are discussed ; and they 
are compared with other methods of cooking and with other articles. 
After these elementary lessons the pupil is taught the cookery of com- 
binations of carbohydrates, proteins, and fats, keeping in mind 'always 
the food value and digestibility of the dish prepared. 

The importance of serving attractive and appetizing meals is not for- 
gotten. In connection with the food materials, as studied, some atten- 
tion is given to food adulteration and to its effect upon the health. 

As the pupil advances in the course lessons in the preparation of food 
for children, for the sick and for the convalescent are given. In con- 
nection with these lessons, the importance of fitting the food to the needs 
of the body is dwelt upon. 

In the kitchen laboratory the child probably gains its first knowledge 
of sanitation, for the cooking lessons afford many opportunities of teach- 
ing the importance of cleanliness, of fresh air and of sunshine. The care 
of kitchen waste, as well as the care of raw and cooked foods, teaches 
a lesson which cannot help having some effect in the homes of the 
children. 

We must not forget, in considering this subject in relation to the home, 
that cooking has its educational value. It develops the child by teaching 
exactness in measuring, judgment, delicacy, neatness and observation, 
as well as the power of doing something. It applies the child's knowl- 
edge of arithmetic, and of geography and, it achieves good physical re- 
sults in affording relief from those studies which call alone for intel- 
lectual concentration without bodily motion. 

Any instruction in cookery must include something of physics, chem- 
istry and botany, but the application of those sciences are best considered 
with the more advanced work, where also food analysis belongs. A 
writer in a recent magazines says, "The subject of cookery is vital, prac- 
tical and of wide import. It can not be mastered in a day, or picked 
up at short notice. In these days knowledge and skill are requisite to 
successful performance of each and every pursuit of life. Specific train- 
ing is needed to meet the requirements of modern home life, and espec- 
ially in the ^art' with which mankind is so directly concerned thrice a 
day." 

It is hoped that when all girls have been taught elementary cookery 
in the school, that not only will they be able to prepare attractive, 
palatable and nutritious food, but that they will see the importance of 
sanitary and hygienic living, that being familiar with the science of 
housekeeping will give them respect for the profession of home-making 
and home-keeping; and that their knowledge will make them as women 
less willing to follow blindly in the footsteps of their grandmothers, 
and more willing to accept and adopt the results of scientific research. 
Miss Jeanette Carpenter^ B. S., 
Instructor in Domestic Science, 
Agricultural College. 
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"FIBER AND IRON IN THE FOOD OF MAN." 

FLOYD W. ROBISON. 

It is recognized by physicians that quite a large per cent of the dis- 
eases of mankind, is primarily due to faulty nutrition. It is, I think, 
quite well established that the character of the food of man should de- 
pend somewhat upon the nature of his daily work. In the feeding of 
animals this principle is adhered to and is considered, in this field, a 
sort of rudimentary precept. The unscientific boy on the farm will not 
give the same character of food to the horse, idle in the stable, that he 
gives to the one working in the field. He recognizes, consciously or un- 
consciously, two points, — one being that the idle horse does not need 
such a concentrated food as the one working, because the demands on 
his system are not so great, — the other, that the inactivity of the animal 
makes it dangerous to feed a highly concentrated ration. These two 
considerations are practical ones with the farmer. 

In the human diet, while unconsciously recognizing the one, we almost 
totally disregard the other. In fact, it is more frequently the case that 
the person doing the least amount of muscular work is the one who eats 
the most highly concentrated foods. In the cities it is not the working 
classes who live on the most nutritious or most highly condensed food, 
but banker, lawyer, merchant and business man, — the one whose life 
is made up more of mental than of muscular activity. 

Reasoning from the standpoint of the animals, which is, it seems to 
me, a logical one, the man who is doing the greatest muscular work is 
the one who needs the most highly concentrated and most nourishing 
foods. It is the person who does the least muscular work and on the 
other hand a great deal of mental work who suffers most from gastro- 
intestinal troubles, and I have frequently known a sufferer of this class 
to be greatly benefited by a vacation which 'contributed brisk muscular 
exercise. 

In view of these and other considerations, which in this short article 
cannot even be touched upon, it has seemed to me that we have gone, 
perhaps, a little too far in our zeal for a condensed and concentrated 
human food. 

A, by no means unessential, function of the stomach and intestines 
is their peristaltic action, by means of which, their food content is 
moved about continually and forced onward. To say that this con- 
tributes to the utilization of the food and the elimination of waste is 
putting it lightly. It is in fact very essential. A vegetable food not 
highly concentrated or rather not highly purified is a great aid to this 
more or less mechanical function of the alimentary organs. No better 
example, of the tendency in modern methods of manufacture, can be 
given than that which is the basis of the great flour milling interests. 
The effort is being made constantly to reduce to a minimum the mineral 
matter and fiber in thQ wheat, and a high grade patent wheat flour today 
contains but from one-fourth to one-half of one per cent, mineral matter 
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with a correspondingly low content of fiber or cellulose. This well nigh 
perfect process of milling may contribute to the nutritive value of the 
flour, but we must recognize that there are factors to consider other 
than the high rate of digestibility. The fiber in the food has a distinct 
office outside of its nutritive qualities. In fact no particular nutritive 
value is claimed for fiber or cellulose, but it favors the onward move- 
ment of the products in the alimentary canal and thus is an indirect 
aid to nutrition. 

A bulletin* recently issued by the United States Office of Experiment 
Stations emphasizes in a marked degree the statement that white wheat 
bread is more digestible than whole wheat bread, and in fact devotes 
considerable space to these deductions drawn from actual human di- 
gestion experiments. It has seemed to me that the whole subject is 
little short of an axiom for while there has been little work done, in 
human nutrition, on which to base conclusions, at the same time enough 
has been accomplished in the study of animal nutrition to lead one to 
infer with considerable accuracy that the result would be what it actu- 
ally was. It has seemed to me that little doubt could be cast upon the 
conclusion of that bulletin. However, admitting this, the main underly- 
ing point still remains. Some of the persons who diet upon whole wheat 
bread may do so because they think it contains more nutriment or is 
more digestible than white bread. Possibly the majority who eat whole 
wheat bread may reason in this manner. But, I think, few dietists have 
looked at it in this light. The mere fact that white flour is more diges- 
tible than whole wheat flour has had little weight with them. It ex- 
plains practically nothing. There is an effect, — mechanical, physical, 
chemical, — call it what you will, outside the realm of digestibilty that 
claims for whole wheat bread a high place in the human dietary, a 
place in some instances above white flour bread. This effect is not due 
in any way to the large or small amount of digestible protein but par- 
tially at least to the fiber or cellulose present in the whole wheat bread. 
Every one concerned in the feeding of animals knows well the laxative 
effect^ on the dairy cow, of bran and foods containing considerable fiber. 
There seems no reason to dispute the inference that its effect on man 
will be in a measure the same. Crowding into the stomach food, which 
contain no fiber or ballast, even though they are highly digestible, is 
an evil which, it has seemed to me, scientific men have not sufficiently 
realized. 

Again the high milling of vegetable foods reduces the quantity of min- 
eral matter and may this not be a point worth some consideration? 
Bunge has shown quite conclusively how poor milk is in iron, and when 
we know that white flour contains much less iron than is found in milky 
we mav infer that the amount of iron the human svstem can obtain from 
white bread is exceedingly small. This would not be a matter worth 
so much attention were it not for the fact that bread is such a staple 
article of diet and some provision must be made among these regular 
articles of diet for the consumption of foods that will meet the daily 
requirements of the body. Analysis shows that, as a rule, the vegetable 
foods containing a fair per cent, of iron also contain a considerable 
amount of cellulose and thus the two go hand in hand. How much 
highly concentrated and highly milled vegetable foods contribute to the 
great per cent of anaemia of the population of cities because of a lack 

*BuL U. S. Dept. of Agr., office of Expt. Sta. 
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of mineral matter in the food, I do not care to discuss for few definite 
data are obtainable. Certain it is, however, that a physician would 
never recommend as a diet for an anaemic person, high grade patent 
flour bread. 

Finally I simply desire to say, that factors of digestibility, while inter- 
esting from a scientific standpoint, in the human dietary, at least, are not 
necessarily evidence of the adaptability of certain articles of foods to 
human needs. There are other factors, such as mentioned above, that 
influence greatly the suitability ol the food and they may not in themselves 
of necessity be highly digestible. 

Floyd W. Robison^ B. S,. Chemist of Experiment Station, 
Agricultural College. 
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THE VIABILITY OF THE TYPHOID BACILLUS IN SEWAGE. 

JOHN RALSTON WILLIAMS. 

In the range of sanitary science there is probably no more important 
problem than the purification of sewage. The series of experiments 
described in this paper were undertaken to ascertain, so far as possible, 
the influence which typhoid germs encounter, when discharged into a 
sewerage system or river. Most sanitarians are agreed that they are 
destroyed and assign various reasons therefor. Of these, perhaps the 
most oft mentioned factor is that the saprophytic organisms present, 
consume the food of, and thus make life impossible for the less resist- 
ant pathogens. Other frequently assigned causes are the aeration, di- 
lution, exposure to sunlight, etc., to which sewage is subjected when 
poured into a floating body of water. It is not the purpose of the writer 
at this time to consider exhaustively all of the factors concerned in the 
bacterial purification of sewage, but rather to briefly descrijbe some labor- 
atory experiments, now under way, in which the endeavor is being made 
to learn the effects on the typhoid bacillus of the competing saprophytic 
organisms, dilution by tap water, sunlight, etc. 

The sewage was obtained from a manhole at the outlet of the Ann 
Arbor sewerage system. It .was cloudy in appearance, had an odor not 
particularly offensive, was neutral in reaction and contained a small 
amount of floating matter. On the date when the sample was taken, the 
sewers were discharging much surface water since a thaw of several days 
was in progress. It was brought at once to the laboratory and plated 
on agar for purposes of enumeration. One series of plates were grown 
at twenty degrees 0. and another at thirty-seven degrees C. The colo- 
nies which developed thereon were counted on the three succeeding 
days. The following experiments were then undertaken: 

Experiment I. A study of the bacterial flora of the sewage. 

Experiment II. Into about l,oOO c.c. of the sewage was poured 
about six c.c. of a twenty-four hour beef-tea culture of the typhoid 
bacillus. After thoroughly mixing, a beef-tea culture of this was made 
and placed in the incubator. A culture was also made of the uncon- 
taminated sewage as a control. This was likewise incubated. After 
forty-eight hours growth one c.c. and two c.c. respectively of each cul- 
ture were injected intraperitoneally into guinea-pigs. The pigs which 
received the two c.c. died within eighteen hours. A postmortem exam- 
ination of each showed the peritoneum, mesentery, kidneys and adrenals 
considerably congested, while the spleen was markedly so. The liver 
showed slight cloudy swelling, and the intestines were distended with 
gas. The right heart was in diastoje and was filled with fluid blood, 
while ihe left heart was in systole. Heart blood, cultures were made 
from each and later plated. 

Experiment III. One hundred c.c. of the experimental sewage was 
diluted with 2,000 c.c. of tap-water containing about 4,800 organisms 
per cubic centimeter. This was thoroughly shaken and after removing 
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a sample for purposes of control, it was connected with an aerating 
apparatus which furnished between 100 and 150 bubbles of air per, 
minute from a tube of five mm. calibre. The material was exposed to 
diffuse sunlight at room temperature. Samples were taken every two 
hours for fourteen hours, then later after twenty-five, twenty-seven, and 
thirty-three hours had elapsed. The conditions of the experiment were 
made to conform as nearly as possible with the premises advanced by 
the builders of the Chicago drainage canal in the construction of that 
project. These, in brief, are that the sewage diluted twenty times its 
volume with lake water will purify itself in a flow of twenty miles in a 
current of about one and a half miles per hour. 

Experiment IV. A liter of the experimental sewage, undiluted was 
aerated in a similar manner and samples taken after the same inter- 
vals of time as in the previous experiment. The purpose of this was to 
serve as a control, and to learn the effects of the aeration alone. 

Experiment V. Five hundred c.c. of the experimental sewage was 
placed in a sterile flask and exposed to diffuse sunlight. This was exam- 
ined for some time at intervals of two or four days, to ascertain the effect 
of sunlight. 

The object in each of the foregoing experiments, as before stated, was 
to learn the effects of the conditions described on the typhoid bacillus 
more definitely to ascertain if such conditions caused or contributed to 
the total disappearance or destruction of the organism of typhoid fever. 
Hence the most expedient and practicable method of isolating the ty- 
phoid bacillus was employed. 

Method. In each instance, a beef -tea tube was inoculated with one c.c. 
of the sewage, and this after twenty-four hours' incubation was plated 
in litmus lactose agar. As is commonly known, the typhoid germ does 
not produce acid, while the colon organism from which it is to be dif- 
ferentiated chiefiy, is a marked acid producer. The typhoid colonies 
which develop on this media do not alter the blue litmus but appear as 
gray or white spots, whereas the colon colonies stand out distinctly 
bright red in color. Advantage is taken of this, and isolations were 
made only from the non-acid colonies, directly into gelatin tubes. From 
eight to twenty gelatin stabs were made from each set of plates. These 
tubes were permitted to develop, at room temperature for from four to 
six days, when such as showed liquefaction were discarded since the 
typhoid organism is a non-liquefying one. The indol test was then made, 
and those cultures giving this reaction were also thrown out since the 
typhoid bacillus is not an indol producer. Litmus milk cultures, potato 
streaks and fermentation test were then made and such as exhibited 
characteristics apart from those of the typhoid germ were likewise 
discarded. The morphology was then studied, beef-tea cultures being 
employed for this purpose. The agglutination tests are not yet 
complete. 

Summary of Results of Experiments. Sufficient time has not 
elapsed since the institution of this study for its completion, therefore 
one cannot speak positively of the results. The cultural work, however, 
offers some interesting indications, and these are as follows : 

Experiment I. The bacterial fiora of sewage. This study is not as 
yet complete, and consequently the organisms have not been classified. 
17 
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It may be said, however, that the greater part of them fall into either 
the proteus or the colon group. 

The bacterial count of the sewage showed that approximately 66,000 
organisms per cubic centimeter developed at room temperature, and 
about 36,000 per cubic centimeter at thirty-seven degrees 0. It will 
thus be seen that about 20,000 bacteria per cubic centimeter could not 
withstand the temperature of body heat. 

Experiment II. (a) Cultures made from heart's blood of the guinea- 
pig which died within eighteen hours after an intraperitoneal injection 
of a beef -tea culture of the uncontaminated sewage. The organisms 
Recovered belong either to the proteus or colon groups. None resem- 
bling the typhoid bacillus were detected. 

(5) Cultures made from the heart's blood of the guinea-pig which 
received the injection of experimental sewage. Organisms were, recov- 
ered morphologically, resembling and having cultural properties indica- 
tive of the typhoid bacillus. 

Experiment III. Experimental sewage diluted 1 : 20 and subjected 
to aeration. Samples taken at intervals of two hours, etc. Organisms 
morphologically and culturally resembling typhoid were obtained from 
most of the samples, particularly after twelve, twenty-seven and thirty- 
three hours. 

Experiment IV. Undiluted experimental sewage aerated. Results 
similar to the preceding experiment were obtained. 

Experiment V. Experimental sewage exposed to sunlight. Germs 
having morphologi6al and cultural properties similar to those of the 
typhoid bacillus were obtained after an exposure of ten days. It should 
be stated, however, that these experiments were conducted during the 
month of March when the actinic properties of the sun's rays are not 
nearly so active as they are when the sun is higher in the heavens, or 
during summer months. This undoubtedly explains the long survival of 
the typhoid organisms in this experiment. 

Conclusions. The results of this study, thus far, indicate that the 
typhoid bacilli are not totally destroyed in sewage, (1) by sunlight for 
several days, at those periods of the year when the rays are not so 
chemically active, (2) or by dilution, (3) or aeration, (4) or by the 
combination of these factors up to thirty-three hours. It is probable, 
however, that they are lessened in numbers, as the work of other investi- 
gators has shown. To ascertaiif if this be true, and to what extent, 
the writer has under way a series of experiments. 
John Ralston Williams, M. D., 

From Hygienic Laboratory, University of Michigan, 
Ann Arbor, Mich. 
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SIGNIFICANCE AND PRODUCTION OF WALKER-GORDON 

MILK. 

IRA O. JOHNSON. 

The name Walker-Gordon stands for purity and uniformity. The sys- 
tem of Walker-Gordon laboratories, which was begun in Boston in 1891, 
has been extended into eighteen cities. 

This represents its local and direct work, but, indirectly, almost 
every important place in the United States and many foreign countries 
have been reached with its products. 

The aim of these Walker-Gordon establishments is always the same, and 
the management similar, so that, whether in those owned by the parent 
company, or licensed under it, the physician using the facilities, or the 
consumer buying the milk, will find identity, both in methods and pro- 
duct, from one end of the country to the other. 

Thie specific work of these establishments is to provide a place and 
a way by means of which the physician may conduct the scientific feed- 
ing of his patients in exact accordance with his own theory and prac- 
tice, and at the same time have the guarantee and the practical cer- 
tainty of obtaining the best attainable materials for his purpose. The 
scientific feeding of infants and invalids is the chief reason for the 
existence of Walker-Gordon laboratories, and the favorable testimony of 
those who have written recognized works upon the subject of infant 
feeding during the past ten years is the very best evidence that they 
have been justified in their existence, and that it is a duty to extend 
their work in all the ways and places where it can expect to receive a 
reasonable patronage from the profession. 

Tte Walker-Gordon laboratories are all producers and venders of 
milk and cream, for the table, for the nursery, for the home modifier, 
for the hospital and for the traveler. 

The laboratory farms produce, upon a large scale, the only practically 
perfect milk for the ordinary and also for the exceptional uses of daily 
life. 

Walker-Gordon milk and cream are the best products of the best 
scientific dairying, and should not be mistaken for anything but what 
they really are, namely: The purest and cleanest, unadulterated and 
unchanged milk and cream, direct from the best and healthiest cows. 

It is quite necessary that this should be stated emphatically and a 
clear distinction drawn, between two entirely different branches of the 
business. 

The Walker-Gordon laboratories are, primarily, milk modifiers, milk 
pasteurizers, milk sterilizers, and they do anything and everything that 
a physician may order done with milk, cereals, sugar or with any other 
materials used in the feeding by prescription. These methods and pro- 
cesses are known under the general term 
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MODIFIED MILK. 

But the laboratories and farms are milk producers also, and supply 
thousands of homes and nurseries with the very finest and purest milk 
and cream, entirely suitable for all household purposes. 

Having, it is hoped, thus clearly differentiated prescription work for 
infants and invalids from dairy work for the household, and particu- 
larly for the nursery, a few words upon each of these branches are in ac- 
cord with this occasion. 

As to theories of feeding, schools of feeding, or individual methods, 
the laboratories have but one attitude, namely: To carry out strictly 
and exactly the orders of the physician prescribing, and to leave the 
question of methods absolutely with him. 

The laboratories do not advise, do not prescribe, do not sell infants 
food ready made, but instead they act strictly in the same relation to 
the physician, as the pharmacist does in regard to drugs that are pre- 
scribed for medicines. 

This attitude has always been a puzzle to the laymen who pays the 
bill for food, prescribed and delivered, therefore, it is only just and 
proper to have it understood, that the laboratories are not responsible 
for success or failure in feeding, but only for accuracy in the filling of 
a prescription sent in by a physician in charge, and for the purity of 
the materials employed. 

The physician has a free hand as far as the laboratory is concerned. 
He may prescribe what he thinks wise to prescribe, and his prescription 
will be filled with an accuracy which has found no parallel in the wide 
domain of pharmacy. 

In the domain of infant feeding, the physician alone must be the 
arbiter of method. This is the final verdict of the intelligence and ex- 
perience of the pediatrists of the world. It is also the final verdict of 
the long and arduous trial by the Walker-Gordon laboratories in hun- 
dreds of thousands of cases, successful and unsuccessful. With rare 
exceptions no mother can compute, modify and administer the food for 
the substitute feeding of her infant. None of the short and easy tables 
for "Home Modifications" are of value, save in the hands of an intelli- 
gent physician. 

It is an axiom that every separate baby needs its own specially 
adapted milk; and the physician is alone capable of deciding so intri- 
cate and important a matter as the adaptation of food to digestion. 

As to whole milk and cream, as soon as the Walker-Gordon labora- 
tory was opened in Boston in 1891, it became evident that what was 
known as '^Dairying'' must be quickly exchanged for the scientific pro- 
duction of milk. 

The sterilization of milk, the pasteurization of milk, and even the 
correct modification of milk, were all of them quite secondary to the 
quality of the material employed. 

Let us touch briefly on the eai'ly historv of the Walker-Gordon I^abora- 
tory Co. The regeneration of the farm was the first thing to be accom- 
plished; very little of a practical character relating to scientific dairy- 
ing had been published hitherto, here or elsewhere, except in the works 
of Vaughan. The sciences of chemistry and bacteriology', now so indis- 
pensable, had not been practically applied to higher forms of dairying, 



PRODUCTION OF WALKER-GORDON MILK. 133 

and the work upon which success depended had to be executed with great 
care. 

The end of good work is not to kill bacteria that are injurious to the 
health of consumer, or that cause milk to spoil quickly, but to keep out 
of the milk, all such micro-organisms as are acknowledged to be patho- 
genic, all such as are possibly pathogenic, and all others about which 
Iktle is known except that, as a fact, they are better away. 

There is no ideally germ free milk, nor can there be ; but there is a 
practically germ free milk so pure and safe to use in a raw state that 
the heating of such milk is generally unnecessary and perhaps injuri- 
ous to its nutritive value. 

A practically germ free milk cannot be a cheap or low priced milk, 
but it can be produced and sold at a price that is reasonable under the 
circumstances. 

Inasmuch as the milk and cream produced and sold for household 
uses are identical with those materials which are employed at the 
laboratories for modifying, and are sold for the use of those who mod- 
ify at home, a brief description of the Walker-Gordon rules as actually 
applied at the farms and laboratories, will be interesting : 

1. That the establishments owiied absolutely by the Walker-Gordon 
Laboratory Company shall be governed by the scientific department of 
the company. 

2. That the licensees empowered to use the name and methods of 
the Walker-Gordon Laboratory, shall be bound by a legal contract, 
extending over a term of years to carry out exactly the farm and labor- 
atory rules and requirements of the parent company, even as if owned 
and controlled by it exclusively. 

3. That the best local advisers must be employed to watch and super- 
vise the four departments of the work, viz.: The health of the herd; 
the bacteriological condition of the milk; the chemical condition of the 
milk; the practical quarantine of the help. 

The products must be chemically pure. They must contain the full 
percentage of fats advertised or declared. They must not contain a 
coloring or a thickening matter of any kind. They must be absolutely 
free from preservatives. The alkalinity must be low, and, in milk, the 
emulsion must be as far as possible preserved. Milk and cream must 
be free from excess of colostrum corpuscles, from pus, and from odors 
and flavors caused by feeding or by drugs administered to the cows. 

5. The products must be bacteriologically pure; free from patho- 
genic organisms, and so free from non-pathogenic bacteria as to make 
the product keep well, and transport with safety to reasonable dis- 
tances without heating, always, of course, under good care after delivery. 

6. The milk must be cooled to a low temperature as soon as possible 
after milking. It must be iced and be kept below fifty degrees F. until 
delivery, it must be transported with the greatest practical care. 

7. Each and every vessel employed to receive or contain or trans- 
port milk, must be sterilized, especially before each milking. 

8. The milk house must be a really clean room, and no fermentative 
dairy processes allowed within its walls. 

9. The cows employed must be by their breed, and individuality, 
possessed of constitutional vigor. They must not be subjected to forced 
feeding. They must be free from disease at all times. They must be 
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fed only upon fresh grains and fresh fodders, except that "sweet 
ensilage'^ may be employed as a succulent food but not as the basis of 
the feeding. The cows must be kept clean, housed in a clean well ven- 
tilated barn, enjoy an abundance of sunshine and exercise and be treated 
as it is wise that we should treat the foster mothers of the human race. 

10. All water used upon the farms and in the laboratories must be 
subjected to constant scrutiny. Th€ water the cows drink, the water 
used in rinsing the vessels, and all the water used in a boarding or 
tenant house, should be regularly examined by the bacteriologist, but 
the vessels employed for and about the milk must be sterilized after 
they have been washed and rinsed and as near as possible to the time 
of filling. 

11. All dust, whether from hay or other feeds from the fields and 
roads, should be as far as possible excluded from the milk house, the 
barn, and especially so, at the hours of milking and bottling. 

12. Cow^s excrement, wet or dry, is the chief enemy of safe milk. It 
must be excluded from the milk and cream. The milking stools are a 
fertile source of contamination, therefore they must be cleansed daily. 

13. The manager is required to be a practical man, but also he must 
have enough knowledge of bacteriology as is applicable to the dairy to 
carry out the rules and regulations of the company. 

' Such are the rules of the Walker-Gordon farms. The rules of the 
laboratories are so generally similar that they need not be further 
mentioned except to say, keep everything clean, bacteriologically. Do 
everything as promptly as possible. Keep everything as cool as fifty 
degrees F. 

Take great care in all operations, for a baby^s life may depend on 
your carefulness. In conclusion it is worthy to note that, in all the 
vast work of the laboratories and farms, no suspicion has as yet been 
reported of an infectious disease carried from one nursery to another 
by the means of the laboratory, nor an infectious disease communicated 
from any one of the farms to the consumers. 
Ira O. Johnson, 

Walker-Gordon Laboratorv, 
Grand Rapids. 
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ASSOCIATIVE ACTION OF BACTERIA IN THE SOURING OF 

MILK. 

CHARLES E. MARSHALL. 

This work presented before the Academy at its annual meeting will be 
found in full in the "Report of the State Board of Agriculture," for the 
year ending June 30, 1904. It is also published in the "Centralblatt f. 
Bakteriologie II, Bd. XI." Since it is already recorded in one of our 
State reports, further publication is evidently unnecessary. 
Charles E. Marshall^ Ph. D., Professor of Bacteriology and Hygiene, 
Agricultural College. 
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PROBLEMS IN TERRESTRIAL PHYSICS, INCLUDING THE 

EARTH'S ROTATION. 

HENRY B. BAKER. 

Quite a number of diseases are quantitatively related to meteorologi- 
cal conditions. Apparently such conditions to a very great degree con- 
trol the. extent of their prevalence. This has been certainly known since 
the days of Hippocrates, yet slow progress has been made in working 
out practical measures for the lessening of such diseases. Certain dis- 
eases and conditions of pain connected with the brain and nervous sys- 
tem are, to a considerable extent, contributed to by atmospheric press- 
ure. A study of the subject for several years has convinced me that a 
large proportion of all suicides occur in the early morning hours, when 
or immediately after the time when the atmospheric pressure is low, 
and when, therefore, the blood supply to the brain and nerves is defi- 
cient; because the surface of the body is several square feet in area, 
and the variation in pressure upon it is as much as eight pounds on every 
square foot. 

This brief glance at this side of the subject may serve to indicate the 
fact that meteorology can contribute greatly to the advancement of san- 
itary science. 

The question has occurred to me whether it is possible for a student 
of meteorology for health purposes to' contribute something reciprocally 
for the advancement of meteorological science. If this attempt is suc- 
cessful in any degree it will probably be so through new modes of group- 
ing the facts presented, especially by graphic diagrams which seem to 
put new meaning into facts established many years ago. 

One question around which it may be convenient to group what I now 
have to offer is "What Makes the World Go 'Round?" 

A satisfactory answer to this question I do not remember to have ever 
seen or heard; yet, from time to time for many years my attention has 
been attracted to certain natural phenomena, studied for their relations 
to the public health, which have seemed to me to satisfactorily answer 
this question, and also a few other questions to which this one is 
correlated. 

The attractive force tending to take this earth toward the sun has 
long been understood, but the repelling force has not been much dwelt 
upon. Yet, that radiant energy is given off from the sun is one of the 
most common ideas. How that radiant energy acts, in conjunction with 
force derived from the earth's attraction, to cause the earth's rotation, 
it is one of the purposes of this paper to suggest. 

We now know that the atmosphere obeys many of the same laws which 
govern the natural movements of water, that it flows in directions of least 
resistance, that is, — toward areas of low pressure from areas of high 
pressure. Stating the facts in other terms, it is well known to meteor- 
ologists that the wind is caused by difference in the weight of the atmos- 
phei;'e in different parts of the world, the air moving from areas of great 
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weight toward areas of less weight of the atmosphere. This is a general 
law which has important bearings upon many questions in meteorology, 
and I believe also in terrestrial physics. 

The important cause of areas of high and areas of low barometer is 
the heat received from the sun, the amount of which differs greatly in 
different localities. The first effect of heat applied to the air itself is 
to expand the air and to increase the pressure in every direction.* When- 
ever the direction of least resistance is upward, the air rises, and when 
extending higher than the air oyer surrounding areas the rarifled air 
tends to flow off over other areas thus causing high, or at least in- 
creased, pressure in those other areas, the rapidity of such overflow 
depending upon the gradient. As soon as the expansive force of heat 
has passed its maximum and an equilibrium of height of the atmos- 
phere is established, as occurs ordinarily soon after noon each day, the 
area which has been heated by the sun will be an area of low atmos- 
I^eric pressure. The force of the wind will be appreciated not so much 
in the area of high pressure as between that area and the area of low 
pressure. Therefore, although *^the wind rises with the sun" it reaches 
its maximum after the sun has passed its point of maximum heating 
effect. 

In Michigan the average daily range of temperature, — the difference 
between the mid-day and the night temperatures, in the twenty-two 
years ending with 1900, was eighteen degrees Fah. The expansion of 
air by heat, is about two one-thousandths of its bulk for each degree 
Fah. Therefore the average expansion of the air near the earth's sur- 
face in Michigan each day on the average was and is (.0020361X18 
=.0365898) a little less than four one-hundredths of its bulk. If we 
assume that our atmosphere extends upwards, on the average, one hun- 
dred miles, and also assume hypothetically that the expansion caused 
by the sun extends all that distance, that nearly all of the expansion is 
in that direction, and that the expansion continues to be as great 
throughout, then each day near mid-day there is added to the average 
height of our atmosphere nearly four miles. The problem is not as 
simple as these assumptions might imply, because the pressure and tern* 
perature are so very much less in the upper regions, and because the 
movement is not by any means nearly all upward; but it is, I think, 
apparent that there are good reasons for believing that the air flows off 
from the sun-heated areas, and partly because its height is considerably, 
increased by expansion. 

It being impossible for the sun's rays to penetrate the earth as they 
do the ocean to very great depths, over land areas the heat is almost 
wholly used in expanding and rarifying the atmosphere, and the reason 
why the extent of the effect differs locally even over the land is because 
of the difference in the earth's surface locally, in some places having no 
covering, in others being covered with high and dense vegetation, in the 
one case there being intense heat, in the other case great cooling influ- 
ence through the evaporation of water from high trees whose roots ex- 
tend deep into the earth and bring therefrom great quantities of water 
to be evaporated from millions of leaves. The influence, locally, of high 
hills and mountains preventing the free movement of the atmosphere, 

«The ooeffloient of expansion of air is 0.00367 for one degree C, or 0.00^0661 for one degree Fah. 
18 
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also accounts for some of the unequal effects of the sun in causing at- 
mospheric movements. 

One not fanailiar with the pubject might imagine that areas of high 
and low barometer are scattered about with no system of regularity; 
but while this is true to a considerable extent, as a rule there is great 
regularity in the movement of the atmosphere from west to east, in the 
temperate zones. 

The following table copied from Silliman's Principles of Physics, ex- 
hibits the relative frequency in the principal countries of the northern 
hemisphere, of winds from different points of the compass. The total 
number of winds in each country is represented by 1,000 : 

FREQUENCY OF DIFFERENT WINDS. 

Countries. N. N.E. E. S.E. S. S.W. W. N.W. 

England 82 

France 126 

Germany 84 

Denmark 65 

Sweden 102 

Russia 99 

North America 96 

"In all the northern hemisphere there is a predominance of westerly 
winds. This is shown by the fact that the average length of the voy- 
age from New York to Liverpool by packet is but twenty-three days, 
while that of the return voyage is forty. In high southern latitudes 
the same thing is observed. Lieut. Maury remarks that at Cape Horn 
there are three times as many westerly as easterly winds."* That is, 
from some westerly point. 

It has been thought that the general movement of the earth's atmos- 
phere from west to east is due to the rotation of the earth from west to 
east; but if so, why does the atmosphere move faster than the earth? 
The earth rotates its twenty-five thousand miles of surface, at the 
equator, in twenty-four hours, — a little over one thousand miles per 
hour, and the wind averages several miles per hour faster than that, 
because the prevailing direction of the movement is much the same as 
the direction of rotation, and considering the earth as fixed and sta- 
tionary the upper atmosphere at the equator moves eastward faster 
than the earth. 

The mid-day and afternoon wind, and its causation by the forenoon 
atmospheric pressure, may be better appreciated by a glance at the two 
diagrams illustrating this subject. 

The wind blows from areas of high pressure toward areas of low pres- 
ure; therefore, ordinarily, the wind blows from areas where it is fore- 
noon toward areas where it is afternoon. As the condition of forenoon 
is constantly advancing from the east toward the west, there is an area 
of forenoon high pressure constantly advancing westward, followed by 
an area of afternoon low pressure. Consequently, at some portion of 
that very broad belt around the world on which the sun shines, there 
is constantly, as a rule, a wind blowing toward that area of afternoon 
low pressure ; and in the temperate regions, not only the upper but also 

* Principles of Physios, Silliman, p. 646. 
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the lower atmosphere, is moving eastward. This general statement is 
subject to modification because of the facts previously alluded to, as 
to different results from sunshine over land and water, desert and wood- 
land, valley and elevation, etc., and the iact that in some regions high 
mountain ranges interfere with atmospheric movemeniB which would 
otherwise occur. • ■ 

Instead of supposing that the atmosphere moves eastward becanse of 
the earth's rotation, is it not more reasonable to suppose that the earth 
continues its rotation eastward because the prevailing wind over a 
great portion of the earth blows eastward? 




Satiations ftom the average atmos^7t€Ti e 
'fressurct at Soto-ntOf Ontario , by hours ^tke 
aay and nighi, -Maximum ^ressuT'efOf f <fnd 
iO ^••4i.f minimum at U.P.-M*. 

It is a common view that the reason why the wind in the temperate 
zones is eastward, is because the circumference of the earth there is 
less than at the equator, and the eastward force of the wind in the 
temperate zones is simply force derived from the rotation near the equa- 
tor, the movement there being so much more rapid. The. reasons why 
I quration the entire correctness of this view are; 

1. It does not account for the fact that at and near the equator the 
upper atmosphere moves eastward at a rate faster than the earth, which 
fact is accounted for by my view that it is because of there being con- 
stantly a s^ment of the earth in that zone where it is forenoon and 
therefore an area of high pressure, and constantly eastward of that is 
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an area where it is afternoon and consequently low pressure of the 
atmosphere. The motion of the upper atmosphere is therefore eastward. 
This is illnstrated by my diagram of the atmospheric pressure by hours 
of the day at Singapore, on the equator. The forenoon high pressure 
and the afternoon low pressure generally in the torrid and temperate 
zones are facts well known to meteorologists. So far as I know, however, 
the explanation here offered has not heretofore been set forth. The man- 
ner of constructing diagrams of the earth, as here planned, exhibiting 
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Kffcifele; houTs of day, bet ween inner and mit^tiie 
eifcles- miles ej wind, hetweert middle and outer cir- 
cireletj scale 1 mile ^er hsur tejoinch, miles dutin^ 
eae^ heur, datf and night, stated in figures outside 
^ tuter cirelet. 

the facts by hours of the day. seems to make it possible to easily grasp 
the relations of atmospheric pressure, wind, and earth's rotation. 

2. Another reason for questioning the common view as to the cause 
of the eastward movement of the air in the temperate zones, is that the 
same explanation that I have stated for the torrid zone is adequate to 
explain the eastward movement in the temperate zone, namely, the fore- 
noon high barometer, the afternoon low barometer, the afternoon always 
being eastward from the forenoon, the wind blowing from the high toward 
the low pressure, therefore eastward. 
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3. A third reason for rejecting the common view is, that at about 
thirty or thirty-two degrees latitude the current of air from the equator 
meets a current of air from a polar direction, and the two tend to neu- 
tralize each other and to bank up the atmosphere in a belt of compara- 
tive calm where the atmosirfieric pressure is greater than elsewhere on 
the globe, and this high pressure tends to culminate in the forenoon, 




Vctfiai'tons ffsyn iht avtrafg ^tmei^^arie ^fsss- 
are at <Siytga^ore ,neeii^ the equator, iy^ouy^cf 
fht day and night. ^aiLtmum ^tesaure, at 9 
and 10 A.M.,>fti7timum <U 3 'A.M. 

and to augment the conditions causing a movement of the air toward 
the afternoon at the eastward. Moreover, the movement from the equa- 
tor is not continuous beyond about latitude thirty-two, either toward 
the pole or eastward, because not only of its having met the current 
from a polar direction, but also because, at least at some seasons of 
the year, a portion of it descends from being an upper current to flow 
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under the air from the polar direction, probably on account of the 
higher summer temperature of the air over the semi-tropical land con- 
tinents than over the oceans in the equatorial region. 

4. The common view that the eastward movement of the atmosphere 
in the temperate zones is caused by the earth's faster rotation at the 
equator, fails to explain and seems to be inconsistent with the fact, char- 
acteristic of the Atlantic coast, that while in July the prevailing wind 
is from the southwest, in January it is from the northwest. (A. Guyot^ 
page 1445 Johnson's Encyclopedia.) 

5. Even if it be true that the eastward movement of the lower atmos- 
phere in the temperate regions is in great part due to the faster rota- 
tion at the equator and the faster eastward movement of the higher 
atmosphere at latitude thirty-two degrees where it descends to near the 
earth, if it is true, as I believe it is, that the eastward movement of the 
upper air at the equator' is faster than that of the earth, it does not 
follow that the force which impels toward the eastward is derived from 
and has lessened by that much the force which rotates the earth. On 
the contrary, the expansion of the air at the equator in the forenoon is 
the cause of the overflow either toward the poles or eastward, and I 
claim (further on in this paper) that that expansion and consequent 
high pressure contribute to the earth's rotation. The force which causes- 
that expansion is the radiant energy from the sun. 

6. The question as to the source of the force of the wind which is 
actually exerted in the temperate regions toward eastward rotation, 
hinges, then, on the question of fact as to the eastward motion of the 
upper atmosphere at the equator. On this point, Dr. Alexander Woeikof, 
in his "Discussion and Analysis of Professor Coffin's Tables and Charts 
of the Winds of the Globe," says : "It has been known for a long time, 
that above the lower current of the air of the trade winds, flowing in 
the lower latitudes of the northern hemisphere from N. E. or E. N. E., 
there exists an upper one from about W. S. W. The existence of this 
current was proved by the movement of the highest (Cirri) clouds 
always from some westward point, from thp strong westerly winds on 
high mountains in the trade- wind region (the Chimborazo and others in 
equatorial South America, the peak of Teneriffe, etc.), from the trans- 
port eastward of ashes from the eruption of the volcanoes on the island 
of St. Vincent (West Indies), Cosiguina (Central America), and also 
from the direction of the smoke of very high volcanoes of the tropics.'' 

He then mentions the "supposition" "that there was a powerful as- 
cending current over the belt of calms and rains near the equator, and 
that the air thus ascended flowed in the upper regions of the atmosphere, 
in a direction contrary to the trade- winds, toward the polar limits of the 
latter, or to about thirty degrees north latitude and descended there.'^ 

The daily forenoon increase of atmospheric pressure constitutes good 
evidence of a condition likely to produce a "powerful ascending current 
over the belt of calms and rains near the equator" in the forenoon; and 
to a less extent the same is true at that time of day both north and 
south of the equator wherever the radiations from the sun reach the 
earth. 

I believe that the lessened atmospheric pressure in the afternoon in 
the same areas is good evidence that the air which in the forenoon had 
been expanded toward the poles and somewhat into the upper regions 
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is no longer there, and that it has actually flowed off toward and over 
regions less heated by the sun where the upper limit of the atmosphere 
was, therefore, lower. 

7. Therefore, if the eastward movement of the surface winds in the 
temperate regions is due to the smaller diameter of the earth in those 
regions than at the equator, the force exerted by those surface winds 
toward rotating the earth is not derived from the earth's rotation, but 
indirectly from the sun, because the atmosphere in its expansion out- 
ward and upward at the equator in the forenoon contributed by its 
pressure toward the earth's rotation, as may be made plainer further 
on, and its eastward movement later in the temperature regions it again 
contributed in the same direction. 

It may be a fact, however, that those surface winds in the tropics which 
bring air into those regions from the temperate zones, are deflected to- 
ward the westward because of the earth's rotation. 

I would modify "the law of the winds" as expressed by Buys Ballot — 
viz.: "The wind blows from a region of high pressure toward one of 
low pressure, and, owing to the rotation of the earth, is deflected to the 
right in the northern hemisphere, and to the left in the southern." (A. 
Guyot, page 1446 Johnson's Encyclopedia.) I would make it read: The 
wind blows from a region of high pressure toward one of low pressure, 
which is generally eastward because the afternoon low pressure is gener- 
ally eastward from the forenoon high pressure. 

In response to the question, — why does the earth rotate? a number 
of persons have replied to me that they believe it is because of its 
inertia, that having started rotating in that direction there is no friction 
or resistance, therefore it continues. 

Bearing upon the smallness of the loss of motion of a planet by rea- 
son of friction in an atmosphere of the density of that two hundred 
miles above this earth. Sir Isaac Newton (Principia, page 401), said: 
"The planet Jupiter, revolving in a medium of the same density with 
that superior air, would not lose by the resistance of the medium the one 
millionth part of its motion in one million years." 

Many years ago, Herbert Spencer suggested how the initial rotation 
might naturally occur in the formation of a world by the falling to- 
gether of nebulous matter, some portion of which would come with 
greater momentum than others and thus cause rotation to begin. Thus 
the initial rotation of our sun may be accounted for. If our earth, in 
common with the other planets, was given off from the sun, its initial 
rotation may have been started at that time. Persons who believe the 
present rotation to be due to inertia ought not to find it diflScult to be- 
lieve that the prevailing wind has force enough to continue the rotation. 
But the rotation continues notwithstanding the resistance of the attrac- 
tion of the moon and sun as exhibited in the force of the tides. I submit 
that the force of the prevailing wind is a continuous force tending to 
cause such continuance of rotation. 

Just how much force the prevailing wind exerts is diflScult to estimate, 
but observations on high mountains lead to the belief that above the 
resistance offered by the trees, mountains and inequalities of and at the 
earth's surface, the average velocity is at least fifty miles per hour, while 
near the earth's surface it is not more than ten or twelve, and very near 
the surface it is still less. If we suppose that the difference in velocity 
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at the earth's surface and high above it is, say, forty miles per hour, then 
that is the force exerted upon the earth, and the pressure would be about 
eight pounds per square foot of surface exposed to the wind. But not 
all of the pressure would tend to rotate the earth eastward, although 
the prevailing tendency is in that direction. The proportion of that ten- 
dency in temperate regions may be estimated from tiie preceding table. 
Although the force is applied to the extreme surface, where it has the 
greatest effect, it is worthy of notice that it is not applied to all parts 
of the earth all the time, because "the wind goes down with the sun," 
and it usually remains absent or slight until about sunrise when it 
increases until its maximum, about two o'clock in the afternoon. This 
condition of sunshine and consequent wind, over nearly an entire hem- 
isphere, goes round the earth each day, or, more correctly speaking, 
the earth by its rotation, daily subjects the greater portion of itself 
around its entire circumference to the sunshine and consequent wihd, 
the prevailing direction of which in the two great temperate belts is 
eastward. 

It is true that the eastward movement of the atmosphere is mainly in 
the temperate zones, the prevailing surface winds at tha equator not 
being in that direction. My view of the effect of this may be illustrated 
by a grindstone turned by a crank, the handle of which does not extend 
outward as far as the circumference of the stone, yet which receives 
sufficient force and rotates the stone notwithstanding the friction of 
the tool being sharpened on its circumference. And the surface winds 
either at the equator or in the tropics do not supply much resistance to 
the earth's rotation. At the equator, over four or six degrees of lati- 
tude, is the region of calms, where the main surface movement of the 
air is upward as the sun is brought to heat and expand it ; and on either 
side of this region the westward movement of the air is steady but not 
forceful. Prof. Arnold Guyot has stated that these trade winds move 
at the rate of fifteen to eighteen miles per day.* 

In the polar regions the effect of westward movement of atmosphere 
toward retarding the rotation is much less than an equal force would 
be if it were applied nearer the equator. 

Even if we assume that the force exerted on the earth by the winds 
in the tropical and in the polar regions, tending to retard the earth's 
rotation is as great per square foot of area as it is in the temperate 
regions tending to accelerate the rotation, there is still apparent a 
large surplus of the accelerating force, because of the greater propor- 
tion of land, of uneven surface, and less proportion of water, of level 
surface, in the temperate regions, and also because of the greater total 
area in the temperate regions. Thus, assuming the force exerted on the 
earth, by the wind to be eight pounds per square foot, and that one-half 
of that force tends in the tropical and polar regions to retard, and in 
the temi)erate region to accelerate rotation, then, as the area in the 
temperate regions exceeds that in the tropical and polar regions com- 
bined,t the total force exerted in the temperate regions would exceed 
that in the combined other regions by over 420,000,000,000 of tons. 
(Square miles in temperate region8==102,221,526 — 94,678,752, square 
miles in tropical and polar regions=7,542,774,=excess in temperate 
region X 55,756.8,— tons per square mile=420,560,941,363). 

* Johnson's Encyclopedia, Vol IV. p. 1446. 
t Johnson's Encyclopedia, Vol. I, p. 979. 
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But the force exerted by the wind on the inequalities at the earth's 
surface is not the only force exerted by the atmosphere tending toward 
eastward rotation. This, however, can be better understood after noticing 
again why the prevailing wind is eastwarii, and why there is so gen- 
erally each day about noon toward the west an area of high pressure 
and toward the east an area of low pressure. (Diagram). 

Holding in mind the fact that the heat from the sun expands the air 
at the earth's surface, some of which air, rising flows off over regions not 
so heated and where the lower atmosphere is more condensed, thus caus- 
ing high pressure, we can readily see that the sun causes continuously 
high pressure on a portion of the earth's surface as fast as any portion 
of it comes under its heating influence, — namely, from sunrise until 
noon. 

This brings us to consider the force exerted on this earth by its atmos- 
phere by reason of its weighty in connection with its movements not 
appreciated by us as wind because the movement is high above the reach 
of our ordinary observation. To appreciate this movement it is neces- 
sary to consider the weight of the atmosphere from hour to hour during 
the day and during the night. 

The extent to which the atmosphere flows off from a heated area over 
the condensed atmosphere of colder regions, can be measured by means 
of the barometer, hourly observations of which teach us that there is a 
great wave of the atmosphere which goes surging upward, to high above 
the earth, advancing westward just as fast as the earth rotates from 
west to east, namely, about a thousand miles per hour, so that the high- 
est crest of the wave is always opposite any given place in this latitude 
at about ten o'clock in the morning. 

The barometer informs us of the weight of this extra load of atmos- 
phere on the descending quadrant of the world, beginning about sunrise 
and ending about noon. Near the equator, over continents of land, it 
amounts to about nine pounds per square foot more than the minimum 
pressure." We know this because the average pressure for all hours of 
the day at the sea level sustains a column of mercury weighing nearly 
fifteen pounds per square inch, or about one ton per square foot.* 

The increased pressure in the forenoon is great near the equator, and 
it decreases toward the poles. Hourly observations at Silchar, in 
Assam, near the equator, showed that the difference between the high 
pressure in the forenoon and the low pressure in the afternoon is .133 
of an inch ; at Singapore, on the equator, but surrounded by water, it is 
.12 of an inch ; at Bombay, in January, the variation was nearly .08 of an 
inch of mercury; at Calcutta (latitude 22° — 35' N.) it averaged about 
five one-hundredths ; at Toronto, Ontario (still further north), it aver- 
aged not quite three one-hundredths; and at Polaris Bay (latitude 
81° — 36' N.) in December, the rise of pressure at those hours of the day 
was almost imperceptible, although there was a slight rise in the early 
morning hours, — about three A. M. 

The amount of the extra weight of the atmosphere shades off not only 
from the equator, toward the poles, but also each way from about ten 
o'clock in the morning, its beginning being about sunrise, its maximum 
about ten A. M., and passing below the average about one P. M. 

The effect toward rotation of the earth is more than would appear 

. ■ — . II - _ ■ ■ — I I ~ 

*(30 in. = 15 lbs.; 1 in. = H lb. per sq. in.; 144 sq. in. + H = 72 lbs.; 72 lbs. X .13 = 9.36 lbs.) 
19 
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from comparing the increased weight with the average weight of the 
atmosphere at that place, because the increase is due to the weight which 
has been moved from that part of the earth over which the sun has been 
shining, — that part which is. caused to rise as the heavily- weighted part 
falls eastward toward the sun. 

Here are diagrams representing the atmospheric pressure at each hour 
of the day and night, from which you may see the fluctuations from hour 
to hour. 

At first thought, one might wonder whether this comparatively small 
(nine pounds per square foot of surface) extra weight of the atmos- 
phere massed especially in equatorial latitudes and along lines of longi- 
tude approaching the sun, and the co-incident lessened weight along lines 
of longitude receding from the sun may not be greatly overbalanced by the 
weight of some mountain range in some other longitude. But this idea 
is not applicable, because of the manner in which this extra, atmos- 
pheric weight is applied to the earth, it being applied to mountain sides 
and all parts of the earth in rapid succession, very much as is our cus- 
tom of rotating a geographical globe by pressing from time to time on its 
equatorial part in the direction we wish it to turn. The analogy to the 
force thus applied by the hand is very close, because the atmospheric 
pressure increases gradualh^ from sunrise until about ten A. !M., and 
then decreases very rapidly, being less than the average by two P. M., 
by which hour the wind is usually at its maximum and its prevailing 
direction in the temperate zones is eastward, toward that part of the 
earth where it is then afternoon. 

This diagram exhibiting the average velocity of the wind at Lansing, 
Michigan, at each hour of the day, illustrates to some extent that "the 
wind rises and goes down with the sun,'' but the greatest velocity of 
the wind is not at the hour of greatest atmospheric pressure (ten A. 
M.) but later, — from twelve noon to two P. M. 

Although at any given place the effect of the prevailing wind toward 
the rotation of the earth appears mainly during the day time it is 
really continuous, — it is day time at some part of the world constantly. 
At any given place, its greatest effect is just after the extra weight of 
the atmosphere has ceased to have its effect in the same direction. 

It is apparent, I think, that the movement of the atmosphere which 
is caused by the sun and which we recognize as wind, exerts a consider- 
able force tending toward the eastward rotation of the earth. Also that 
the movement of the atmosphere which is caused by the sun and is not 
apparent at the surface of the earth, except as pressure measured by 
the barometer, exerts a force tending also toward the eastward rotation 
of the earth. 

My suggestion is that, together, the wind and the daily variation of 
the atmospheric pressure, these two results of the radiant energy re- 
ceived from the sun constitute the force which maintains the rotation of 
this earth, notwithstanding the effect of the tidal and possibly other 
influence of the sun and moon to retard that rotation. 

That the moon has no other rotation than that connected with its 
revolution around this earth, I believe may be due to the fact that it 
has no atmosphere to be thrown out of equilibrium by the heat from the 
sun. If this earth had no atmosphere, possibly it might constantly pre- 
sent to the sun the same side of itself in like manner as the moon pre- 
sents the same side of itself to the earth. 
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THE DIURNAL OSCILLATIONS OF ATMOSPHERIC PRESSURE. 

The reason why the earth's atmosphere banks up as it does in the 
forenoon, notwithstanding the fact that it is perfectly free to flow off 
in nearly every direction, is because of its inertia and the great suddenness 
with which the heat of the sun is applied to it, the rate of movement 
being about one thousand miles an hour ; slightly more than that at the 
equator, and slightly less in this latitude. ' The outflow from the are^ 
of the sun's rays begins at once — the wind rises with the sun; but that 
it does not keep pace with the heating and banking up of the atmosphere 
is proved by the fact that the maximum wind is later than the maximum 
pressure by rather more than two hours. This represents one result of 
the inertia of the atmosphere. Another secondary banking up of the 
atmosphere, I believe, results from its inertia when, falling as wind from 
the forenoon "high" to the afternoon "low," it continues up the gradient 
beyond the low, and manifests itself as the 10 P. M. high pressure. At 
least I believe that the 10 P. M. maximum atmospheric pressure is a 
result, in great part, of the afternoon wind^ — it is a wave of atmosphere 
which rises up the incline to above the cold, dense night air, by reason 
of its momentum, as a pendulum rises after having fallen from the 
opposite direction. Accordingly it is a similar but smaller wave than 
the 10 A. M. high pressure, because it has not like that the accumulating 
force of the sun's heat to cause it to accumulate, and it has lost some- 
what by friction with the earth's surface. The wave is a comparatively 
stable one, — remaining somewhat constantly in the same position rela- 
tive to the sun. Probably the extent and time of the 10 P. M. maximum 
'will be found to vary with the force of the afternoon wind — a strong 
wind and long daylight increasing or postponing the time of the maxi- 
mum night pressure. 

THE EARLY MORNING MINIMU:M PRESSURE. 

Just how the early morning minimum atmospheric pressure is caused 
has been to meteorologists a puzzling question. "There is no doubt that 
the morning minimum is the most elusive of all the barometric phases." — 
J. R. Sutton, A. A., F. R. Met. Soc, in Quarterly Journal of the Royal 
Meteorological Society, January, 1904. In this latitude, from' about mid- 
night to about 3 or 4 A. M., the pressure becomes gradually less, not- 
withstanding the fact that there is, to account for the change, no great 
movement of the atmosphere near the earth's surface such as should be 
associated with high pressure both west and east of the morning mini- 
mtim, namely about 10 P. M. and 10 A. M., the low pressure being about 
4 A. M. It follows that the movement is probably in the extreme upper 
atmosphere. Its explanation seems to me to be that in the early morn- 
ing hours the upper air moves toward the sun, because of the sun's 
attraction. This may be appreciated by considering first the accepted 
causation of twilight, — by the illumination of the upper regions, while 
the sun is below the horizon, the light being irregularly reflected by the 
molecules of the atlnosphere. So long as the upper regions of the atmo- 
sphere are thus illuminated so long is the atmosphere in those regions 
being acted on, not by the radiant energy which readily passes through 
it, but by the attraction of the sun; and, being perfectly free to move, 
the friction being exceedingly slight, the earth's attraction offering little 
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resistance to the motion of the upper air toward or parallel with the 
eartL's surface, there is no force to prevent the movement of the upper 
air from where it is midnight to where it is sunrise, except the pos- 
sible westward flow of the npper atmosphere from a short distance 
eastward where the sun has already begun its expansive effect. There- 
fore the height of the atmosphere is decreased during those hours, the 
pressure being least just before sunrise. Without doubt, because of 
its inertia and the sun's attraction increasing until noon, the eastward 
movement of the upper air continues after sunrise. This serves to ex- 
plain why it is that, although at the surface of the earth there is not 
apparent any way whereby so much air as passes eastward every after- 
noon can move around the world and be ready again to pass eastward 
the next afternoon, and so on continuously, nevertheless that it does 
HO is apparent. I think the explanation is that after midnight its east- 
ward motion is in the upper regions. 

That the eastward movement of the air in the afternoon is not greater 
than it is, because of the very steep gradient, is probably due to the 
'lessening effect caused by the attraction of the sun; and, combining 
'Wfith the earth's attraction, probably that aids in causing the 10 P. M. 
maximum pressure of the atmosphere. 

'"■'Ih the article in the Encylopedia Britannica on tides, the writer, on 
^i'^^ 334, says: 'Thus we see that the tidal forces tend to pull the water 
/(d^Ards and away from the moon, and to depress the water at right 
HH^e9''to that direction. If we could consider the system as at rest, 
'WePsHo'^ld find that the water was in equihbrium when elongated into 
'tf"iJtbl!i1'^ ellipsoid with its long axis directed towards and away from 
'Iffie' teobn,* In the diagram I offer, of the atmospheric pressure, it is 
^d^tWe,' illative to the weight of the atmosphere, to "consider the 
system as at rest," and it is worthy of notice that the iigure of the 
weight of the atmosphere has somewhat the appearance of an ellipsoid; 
but its long axis is not directed exactly "towards and away from" the 
lPttfl,.^lt^of^S^^j^,it were not for the wind,^the falling of the atmosphere 
j^pfa^,f^lf<ff^Ti.ifQp,"high" to the afternoon "low" because of the superior 
_attcftCHOT .(1^ ^|}^,ef)rth. it seems that the figure might have that direction. 
ljlfl^tii,,f|li|fi,t|^p.^f^Ti)enil)ered that the diagram represents only the pres- 
_p'^^fie,flf„/^^i^l^q^p^^i;i;, the figure of the form of the atmosphere might 
b^isliglhtiyifji^j;ent, ,',,,,,. 

., .\ friend ^'ays be isunRb.le to see how an extra load of atmosphere on 
,,l)inr (KU'f III' Ihi: vai'lli ^Jie7^,it is forenoon can tend to rotate the earth; 
/:|^-f)us(;,|Jj,^,e.x^f( p;i;e8su];eiji^j toward the earth's center, and in no other 

.|.„.||Kl .ii^if^Hppv^^ a g^ogHftpJii call, globe made magnetic, and over about 
DJj\»;-^ou;'.f)i,of|^^,^urffl"ye,ifIwf p,3r,t,wliich extends upward from the most 
/^^t^"-4^"t.,paji,',tkw'e,j^^p|^^e^,,,f:(Uflnion iron tacks. They will be at- 
ifil'^cttiil liy' Ihe iiiiiH'Tti'ii'c^gjpbe ftqil^|j:If^j'efore will adhere, somewhat as 
-.ihf//''""'"^'''"''' -""■'■■■■''^ f,9 tft^ip e^i^ii^ji' Xf *'ie geographical globe was 
.fl^eyioii>' ' -i:] ,\y'jetg|ijt„|Tiff]p,y|ghf(^t|j^ll its parts, and the axis 

"ftfl,„\vlii.M ,1 1- :m.i,ii(t;i^|i^,jthi:jyy^l i^g, ce^i,tfr of gravity, the greater 
i^()fL'Ufiti.w,,(rf,t|i(^L-((ir;t/^,^p^;.tl)^|Cyfa|j|;^nt;j6, wi^^^ the extra weight has 
itt^ft|^^tg,qhfit(,w;ilj[,9e,i)s«.ja)af ((U^)3^^n±,^fl|fa)l,,{p,ward the most dependent 

^€)Vjlf'^-aM[?;N,,PW;>^h.!?^^rt?P ^fl^^l*?7i™.i^^?-.*''^ sun,— that the 
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attraction of the sun for the extra weight on that quadrant of the 
earth causes it to fall until it reaches the most dependent position. 

As the overflow of air, caused by the advance of the heat of the sun, 
is constant, the pressure is being applied constantly. It is as if the 
tacks on the magnetic globe were brushed off at the most dependent 
point, while at the same time other tacks were constantly being attached 
on the descending quadrant. 

Another friend says that this would be true if the. earth's axis were 
fixed. To this it is replied that force is constantly applied to the earth 
in more than one direction, the extra weight of the atmosphere tends to 
bring downward toward the sun that quadrant of the earth where it is 
forenoon, while at the same time the force of the wind is tending to 
force upward, — from the sun — that quadrant of the earth where it is 
afternoon. It is as if an unmounted geographical globe were constantly 
subjected to a blast of air downward on one quadrant and upward on the 
adjacent quadrant, the effect being to rotate the globe. A somewhat 
similar phenomenon is seen where a spherical object is placed in an 
upward flowing jet of water where it is maintained for a considerable 
time rising and falling with the varying current of the water, rotating, 
most of the time, because of the upward force of the rising stream on 
the one side and the downward influence of the water which clings to 
its top and falls on the other side with the rotation of the sphere. The 
rotation results from the force acting in the different directions. Sim- 
ilarly this earth rotates because of force acting in the different directions. 

Rotation implies force acting in different directions, no explanation 
of rotation is satisfactory which does not include that idea. The extra 
weight of atmosphere being constantly' thrown on that forenoon quad- 
rant of the earth where its effect toward rotation is greatest, combined 
with a corresponding amount of force exerted in the other direction by 
the fall along the earth's surface of that same extra weight as after- 
noon wind, seems to fulfill the requirements. 



While this paper was in preparation, in reading the article in the 
Encylopedia Britannica on tides, the following brief mention was found : 
"There are, however, very strongly marked diurnal and semi-diurnal in- 
equalities of the barometer due to atmospheric meteorological tides. 
Sir William Thomson, in an interesting speculation,* shows that the 
interaction of these quasi-tides with the sun is that of a thermodynamic 
engine, whereby there is caused a minute secular acceleration of the 
earth's rotation." 

Not finding a copy of the article by Sir William Thomson, I wrote to 
Sir James A. Russell, of Edinburgh, who, being unable to procure a copy 
to send me, has very kindly copied from the Society's copy and sent to 
me such parts of it as he thought would be of interest to me : "The first 
sentence runs — ^It has long been known, having been first, I believe, 
pointed out by Kant and more recently brought very near to a prac- 
tical conclusion by Delaunay, that the earth's rotational velocity is 
diminished by tidal agency, in virtue of the imperfect fluidity of the 



ocean.' 



*Soci6t6de Physique, Sept. 1881, orProc. Roy. Soc. of Edinburgh, 1881-82, p. 396. 
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"He then proceeds to discuss solar and lunar tides in the atmosphere 
and the water of the earth 'Thus the lunar attraction pro- 
duces as it were the action of a friction brake resisting the earth's rota- 
tion. The same is no doubt also the case in respect to the sun and the 
water of the ocean.' 

"The last paragraph begins — Thus with the approximate results of 
observation used above in respect of the earth's atmosphere and the as- 
sumption we have, now made regarding the lunar tides we have a state 
of things' (paraphrasing his statement) by which a spot on the surface 
of the earth would be advanced in rotation 2.5 seconds in the course of 
one hundred years through the thermodynamic acceleration and put 
back 25 seconds through the tidal retardation — retardation by tidal fric- 
tion — that is, it loses in all 22.5 seconds, or say 22 seconds, which is 
Adams' result. The earth turns more slowly by twenty-two seconds each 
century, owing to tidal friction." 

Sir James A. Kussell adds: "He finds that the attraction of the sun 
and moon producing tides in the atmosphere have little sensible effect 
upon the barometer." From that statement and from the title of the 
paper, — "On the Thermodynamic Acceleration of the Earth's Kotation" 
I infer that Sir William Thomson at that time found the effects of the 
radiant energy from the sun not sufficient to maintain the earth's rota- 
tion against the resistance of the solar and lunar attraction. Whether 
or not he. took into consideration the influence of the wind, I do not 
know; I infer that he did not. I do not feel sure that at that time he 
had before him so much evidence as now seems apparent for estimating 
the amount of energy in the pressure of the atmosphere on that part of 
the earth where it is most available for rotational effect. Therefore 
the evidence in this paper is respectfully offered in the hope that the 
subject may be again taken up and considered by Sir William Thomson, 
now Lord Kelvin, or by some other person more competent than the 
author of this i)aper to mathematically weigh the facts. If, as I believe, 
the retardation due to solar and lunar attraction does not actually oc- 
cur, there must be some equal and constant accelerating cause. Until 
it is disproved, I shall consider that it is probably the wind and the 
atmospheric pressure. 
Henry B. Baker, Lansing, Michigan, March, 1904. 
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GUN SHOT WOUNDS AND TETANUS. 

T. B. COOLEY. 

I must confess at the start that I have little new to offer on this 
much discussed subject. You are all of you aware, through the news- 
papers, if by no other means, of the frequency of tetanus in this coun- 
try, and of that form in especial which is frequently called Fourth 
of July tetanus, because it results from wounds received in the noise 
making peculiar to the celebration of that holiday, and in particular 
from the careless handling of the '^toy pistol," by which we should un- 
derstand, not the pistol that discharges the harmless paper caps, but 
that in which are used blank cartridges. 

The overwhelming percentage of all the tetanus cases that comes from 
these wounds, has led many men to suppose that there may be tetanus 
bacilli present in the powder or the wads used in loading these car- 
tridges, and that, as it is well known that the heat of the explosion is 
not sufficient to destroy the organisms, they might be carried into the 
wound. A number of investigations have been undertaken with the pur- 
pose of demonstrating this theory — some of them quite exhaustive — 
and the results, so far as they have been published, have been invariably 
negative, with two exceptions, where the reported finding of the bacilli in 
samples of gunpowder was not confirmed by animal inoculations.* 

The only other possible explanation of these cases rests on the fact 
that the tetanus organism is frequently found in street dirt, and we 
may suppose it to be present on the skin and to be driven into the 
wound with the fragments of skin. 

It is my intention in this paper to present briefly the evidence — 
theoretical and experimental — in favor of each of these views, and to 
describe some work which I have done myself by somewhat different 
methods than those pursued by others, but which has had so far the 
same negative results. I am indebted for my statistics largely to a very 
exhaustive article which appeared in the Journal of the American Medi- 
cal Association for August 20, 100*3, and to Dr. Wells' paper in Ameri- 
can Medicine of June 13, 1003. 

The salient facts are as follows: First. An enormous proportion 
of all cases of tetanus occurs during the month of July. This is very 
strikingly show^n in Well's paper, in which is given the curve of tetanus 
mortality in certain of the large cities, by months, for several years. 
Second. More than ninety per cent, of these cases result from blank 
cartridge wounds, beside which the traditional rusty nail is of but little 
importance. The Journal of the American Medical Association reports 
358 cases of Fourth of July tetanus in 1003, where blank cartridge 
wounds were the cause, against twenty-nine from all other causes. Of 
these twenty-nine, a certain proportion was due to wounds from the ex- 
plosion of gunpowder in some other form. 

In favor of the presence of tetanus bacilli in the gunpowder or wads 
are the following arguments : 

♦Since ihe above was written some German observers have reported the repeated finding of 
tetanus bacilli in the wads of blank cartridges. 
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1. This great and striking frequence of blank cartridge wounds as 
the cause of tetanus, when compared with the relative infrequence of 
tentanus resulting from other wounds which are more common, and 
which might be supposed to be naturally favorable to the implantation 
and development of the tetanus bacillus, supposing it to be present in 
the dirt to so great an extent as is required by the other theory. 

2. The fact that, while the dirty hands and feet of the wounded child 
are considered by the opponents of this view to be the source of the 
organism, it is an observed fact that tetanus results from gunpowder 
wounds of other parts of the body less likely to be covered with dirt 
proportionately nearly as often as from wounds of the Hands and feet, 
and cases occur as the result of gunpowder wounds at times when the 
ground is covered with snow and street dirt can hardly be a factor. 

3. When we consider the sources of the components of gunpowder 
and wads, it seems, at first view, highly probable that they may contain 
the tetanus organisms. 

4. One observer has reported finding tetanus bacilli in two samples 
of blank cartridges. Unfortunately his finding was not, so far as re- 
ported, confirmed by animal experiments, and as others have reported 
non-pathogenic organisms in gunpowder having a marked morphologic 
resemblance to the tetanus bacillus, this cannot be considered as strong 
evidence. I have also hearsay evidence that one experimenter has suc- 
ceeded in producing tetanus in guinea pigs by discharging blank car- 
tridges at them. This would be in opposition to the results of other 
workers. 

In favor of the opposite theory, that dirt is responsible for the tetanus, 
we have the following: 

1. A number of competent men have made exhaustive investigations 
by culture and inoculations of all obtainable kinds of blank cartridge 
wads and powder, and have failed wholly to obtain the tetanus bacillus 
or to cause the disease in animals. 

2. Not all of the cases of Fourth of July tetanus result from gun- 
powder injuries. 

3. Tetanus, from other causes than gunpowder wounds, is more pre- 
valent during the summer months than at any other season. Wells 
shows this by his seasonal curve, and it may be supposed to show that 
the prevalence of tetanus bears a relation to the amount of dust and to 
the other conditions favoring the presence of street dirt on the hands 
and feet of children, who, of course, play more in the streets in the hot 
weather. 

4. Those places which show the greatest number of cases of gun- 
powder tetanus, show also a greater number of cases of tetanus from 
other causes, and in many of them the disease may be said to be endemic, 
occurring also quite often in horses. 

5. The process of manufacture of the powder and wads used in the 
blank cartridges, as described by a firm which furnishes a large part of 
all that are sold, is such as effectually to destroy all bacilli that may 
have been present in the components, and any organisms present in the 
cartridges must have come from a subsequent contamination. 

6. The blank cartridge wound furnishes more ideal conditions for 
the development of the tetanus bacillus than any other form of wound. 
The tetanus bacillus is anaerobic and grows best in penetrating wounds. 
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It grows better also in tissues whose resistance is lessened — bruised or 
burned tissues, tissues containing heniatomata, etc., and herein may 
be said to be the superiority of these wounds ;over the ordinary wounds 
from nails, slivers, etc. 

7. The tetanus bacillus has been found a number of times in the 
street dirt in cities where the disease is common. 

These are the chief arguments in favor of each of these views, and I 
think you will admit that they are not conclusive for either side. When 
my attention was first called to the question, I was impressed with the 
possibility of the presence of the bacillus in the cartridges, and I went 
to work on the supposition that as this bacillus is under certain con- 
ditions quite difficult to cultivate, it might be that some changes in ex- 
pei^imental technique might give better results than had heretofore been 
obtained. Of course the ideal method of procedure would be to produce 
in the experimental animals just such wounds as we meet with in the 
human subject, but this, on account of the smallness of the animals, 
the relative thickness of their skin, etc., would seem practically impos- 
sible. 

My first experiments were made with reference to the fact that in 
order to cause tetanus it is necessary that the bacilli have a chance to 
develop a certain amount of their toxin before they are destroyed by 
the protective agencies of the body. Clean tetanus spores injected into 
an animal will not cause tetanus. With this in view, I mixed a num- 
ber of samples of powder from blank cartridges with nutrient glucose 
agar, which, after solidification, I imbedded in deep incisions in the 
thighs of guinea pigs, afterwards sewing the wounds up closely. A 
series of 21 such experiments was wholly negative. 
^ It next occurred to me as possible that the chemical constituents of 
the gunpowder, when brought into solution in the tissues, might in- 
hibit the growth of the bacilli, as under experimental conditions it is 
hardly possible to get the grains of powder so well scattered as in a 
wound. Accordingly, I made a long series of experiments in which I 
dialyzed out the soluble salts in the powder through collodion sacs, and 
then made anaerobic cultures, by W^right's method and in hydrogen, tak- 
ing glucose bullion, with or without peptone, and glucose litmus gelatin, 
with or without peptone, for my culture media. These cultures were 
allowed to incubate for some days, as the tetanus organism is a slow 
grower. For a time I made injections into guinea pigs from all of these 
cultures which showed any growth whatever — a number of them were 
wholly sterile. This I did because I thought I might on microscopic 
examination miss a few tetanus bacilli. Later I made injections only 
from those cultures which showed on microscopic examination long 
bacilli. The inoculations were made in various ways. One set of six 
was made into seared tissue on the edges of deep incisions into the 
thighs of guinea pigs. Another set was made into the suppurating area 
produced by deep injections of turpentine, and in another the gun- 
powder cultures were mixed with culture of micrococcus prodigiosus, 
as the presence of aerobic organisms is known to facilitate the develop- 
ment of the tetanus organisms. The majority, however, were simply 
deep injections into the thigh muscles of guinea pigs— usually 1 c.c. of 
the culture. I regret to say that I did not keep an exact record of the 
20 



154 THE MICHIGAN ACADEMY OF SCIENCE. 

number of these inoculations, but there were over 50, and the results 
were uniformly negative. In one case I got a bacillus such as described 
by other observers, which had the morphologic peculiarities of the 
tetanus bacillus, but proved to be non-pathogenic. 

In addition to these dialysis experiments with the powder, I also 
made anaerobic cultures from about 20 samples of wads in the various 
culture media, and injected all of them where any long rods were found 
on microscopical examination. These also gave negative results. 

In another series of experiments I endeavored to ascertain how long 
the tetanus bacillus would live in intimate mixture with gunpowder, 
by mixing a virulent culture with powder and taking samples once a 
week for culture and inoculation. I cannot speak of the results of 
these experiments with any great certainty, as my stock culture proved 
to be a very poor gi'ower under the most favorable circumstances, but 
I think I can say, from two sets of experiments carried out in this 
way, that the bacillus loses its vitality rather rapidly under these con- 
ditions. I should want to repeat the experiments with a better culture 
of the organism before reporting them in detail or making any very 
definite statements about them. 

1 do not regard these experiments of mine regarding the possibility 
of the presence of the tetanus bacillus in blank cartridges as conclusive, 
inasmuch as there are still some possible sources of error, but every 
set of negative results on this side of the question strengthens the evi- 
dence for the other side. If we admit the probability that the blank 
cartridges are not the source of the organisms, it remains for someone 
to show conclusively that the street dirt is the cause, by proving that 
tetanus bacilli can be found in the dirt on the hands of children fre- 
quently enough to explain the high percentage of blank cartridge 
wounds in which the disease occurs. I made last fall two sets of ex- 
periments in this line, in which I had a number of boys who had been 
I)laying football in the dusty streets until the dirt was well rubbed in 
scrub their hands thoroughly in 500 c.c. each of glucose bouillon, which 
was then put in flasks, incubated in hydrogen for several days, and 
then injected into guinea pigs. My results were negative here also, but 
the experiments were unsatisfactory for several reasons — first, because 
there were not enough of them to be conclusive; second, because the sea- 
son was not the best, and third and most important, because tetanus is 
not at all jjrevalent in this particular locality. I hoi)e to have a chance 
this summer to make similar experiments in great numbers in some of 
.the cities where the tetanus mortality is high. 
T. B. CooLEY, A. B., M. 1)., Asst. Professor of Hygiene, 
Hygienic Laboratory, University of Michigan, 
Ann Arbor. 
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SOME PHYSICAL PROPERTIES OF PTYALIN. 

DAVID J. LEVY. 

The physical properties of ptjalin, which it is our purpose to consider, 
are (1) the removal of ptyalin from saliva on filtration through hard- 
ened filter paper, due to fixation; (2) the dialysis of ptyalin through the 
collodium sac; and (3) the removal of ptyalin from solution by filtration 
through the collodium sac, due to mechanical retention. Before enter- 
ing into a description of the experiments which have demonstrated the 
first named of these properties, it will be well first to review the literature 
on the subject of the paper filtration of enzymes. 

Musculus, in 1874, called attention to the fact that solutions of urase 
are considerably weakened as a' result of their filtration through paper. 
This was explained by Lea on the ground that urase is not a soluble 
ferment. Miquel, 1898, however, demonstrated the solubility of this 
enzyme. 

Wortmann (1890), tested the filtered aqueous extracts of green leaves 
for diastatic activity, and the filtrates which did not invert starch, he 
declared free from diastase. This elicited from Brown and Morris the 
following : 

"The protoplasm often parts with its enzyme with difficulty, and 
it is often impossible to obtain from such a preparation a clear filtrate 
which has any hydrolyzing action, although an energetic hydrolysis 
may be produced by contact with the tissue itself, or by the employment 
of a turbid filtrate containing the finely divided tissue in suspension." 
In evidence they cite the following experiment: 

The leaf of Ilelianthus tuberosus was extracted by the prolonged 
action of water on the crushed and pounded fresh leaf. With chloro- 
form antisepsis the diastatic activity of 10 g. of dried leaf of Ilelianthus, 
acting by direct contact, bore a ratio to the activity of the filtered ex- 
tract of 10 g. of the same leaf of 3.78 to .53. 

Vines (1891) found that the turbid extract of green leaves when 
merely strained was much more active than the clear extract obtained 
by filtration. 

Brown and Herron (1893) stated that the clear filtered, aqueous infu- 
sion of the small intestine had but a slight action on starch, while con- 
tact with the tissue itself produced pronounced hydrolysis. 

Kastle and Loevenhart (1900), working on lipase, found a marked 
decrease of lipolytic activity on filtration, both of aqueous and of gly- 
cerin extracts of liver and of pancreas, and of Parke, Davis & Co.'s pan- 
creatin. Before filtering, 1 c.c. of 10 per cent, liver extract was found 
to hydrolyze 6.28 per cent, of ethyl butyrate in fifteen minutes at 40°. 
After repeated filtration through the same paper, it hydrolyzed only 
2.76 per cent. 

In order to determine whether or not ptyalin could be removed from 
saliva by filtration, the following experiment was carried out : 

Twenty c.c. of saliva, collected by mastication of paraffin, were 
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filtered through ordinary filter paper (S. & S. No. 595) to remove mucin 
and suspended particles, and diluted to 200 c.c. with distilled water. 
This solution was then subjected to filtration in the following manner: 

In each of two funnels were placed two folded filter papers 
(Schleicher and Sch'till hardened filters No. 575), and the funnels so 
arranged one above the other on a ring stand that the stem of the upper 
funnel touched the side of the filter paper in the lower one, and the 
stem of the lower one passed into an Erlenmeyer flask. The saliva was 
thus passed through four thicknesses of paper. This first filtrate was 
designated as "2 X 2." This then was passed through a second set of 
filters, similarly arranged, giving filtrate "4 X 2," then through another 
set producing "6 X 2," and finally through a fourth set producing filtrate 
"8 X 2,'' thereby causing the liquid to pass through eight double filter 
papers. The filtration wafe carried on under a black cloth, protecting 
the enzyme against the action of light. Five c.c. of the 10 per cent, 
saliva had been set aside at the same conditions of light and tempera- 
ture as the filtering liquid for control. 

Each successive filtrate was tested by adding 0.5 c.c. of it to 30 c.c. 
of a 1 per cent, starch solution containing glycerin at 34°. Portions 
of this mixture were removed from time to time to note the progress 
of digestion, if any. This was done by adding to 2 c.c. a few drops 
of iodine solution and noting the color reaction. The pipette employed 
in withdrawing the digesting liquid was rinsed after each use with boil- 
ing distilled water. At the same time that each filtrate was tested, a 
corresponding quantity of the control was similarly tested. The time 
necessary for each filtrate and control to produce achromicity of the 
starch solution was noted. 

The table gives result of one such experiment : 







TABLE 


I. 




Control for filtrate. 


A chromic point. 


Filtrate. 


A chromic point. 


2X2 


40 min. 




2X2 


48 min. 


4X2 


40 min. 




4X2 


54 min. 


6X2 


36 min. 




6X2 


70 min. 


8X2 


36 min. 




8X2 


blue 1 hr. 30 min. 
purple 18 hrs. 



Duration of filtration — 2 hours and 30 minutes. 

A large number of similar experiments produced the same results, 
indicating beyond a doubt the removal of ptyalin from its solution by 
hardened filter paper. Inasmuch as the action of ptyalin is not directly 
proportional to the quantity present in concentrated solutions, it is 
necessary to work with diluted saliva and to test with small quantities 
of this, less the effect of the removal of a small quantity of ptyalin 
be masked by the activity of the unretained portion. 

The question now arises as to what this removal is due. Three an- 
swers present themselves: (1) The molecule of ptyalin, as in the case 
of a precipitate, may be mechanically retained on the filter; or (2), 
aeration may have had a destructive effect, or (3), the ptyalin may 
have entered into firm combination with the material of the filter paper, 
i. e., it may have been fixed. To determine whether the paper acted by 
mechanical retention, a 10 per cent, solution of saliva was filtered 
through a Berkefeld filter. A portion of the saliva was previously set 
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aside as. control. 195 c.c. were filtered at a pressure of 29 inches in 
seven minutes. The filtrate was found to be identical in activity with 
the unfiltered solution. Evidently, the cause is not mechanical reten- 
tion, as the pores of the Berkefeld filter are known to be smaller than 
those of the filter paper. 

To determine the effect of aeration, an upright tube of amber glass, 
18 inches long, and provided at the bottom with a capillary tip, was 
filled to a depth of about 15 inches with glass beads, and a 10 per cent, 
saliva was poured in. The upper part of the tube was connected with 
a suction pump, and a vigorous aeration of the contents of the tube was 
maintained for 24 hours. At the same time a portion of the saliva was 
set aside for control. Portions-of the aerating saliva were drained off 
from the tube at the end of 3, 6, 9 and 24 hours, and tested as previously 
described for diastatic activity, and compared with the activity of the 
corresponding control. Even at the end of 24 hours' aeration, the aerated 
saliva was identical in activity with the unaerated control. Therefore, 
aeration has not produced the effect observed on filtering the saliva. 

Szumowski (1898) demonstrated the fixation of enzymes (ptyalin, 
rennin, pepsin and trypsin) by fibrin. Effront states that enzymes are 
fixed by different substances, such as silk and fibrin. Chevreul (1853) 
tested the fixing action of linen, cotton and silk on such substances as 
NaCl, HgClo, H2SO4 and others. One experiment, for instance, showed 
that cotton absorbs HgClg and water in proportion to the solution, and 
moreover retains a portion of the HgClg with so much force that, after 
having been washed until the wash water no longer precipitates AgNOg, it 
(the cotton) is colored by HoS solution, and acts otherwise than pure 
cotton on the coloring principles of cochineal, logwood and m-adder. 
The action of solids in weakening solutions, he says, shows how filters 
can act on substances which traverse them. O'Shea (1886) found that 
lead salts are retained from their solutions on filtering through various 
filter papers of English, German and French make. An experiment 
shows that a Schleicher and Schtill filter No. 589, absorbed from 50 c.c. 
of lead acetate, 0.12 mg. of lead, 0.02 mg. of which were removed by a first 
washing, and none by a second. On refiltering, 24 mg. were absorbed, 
none of which was removed on subsequent washing. 

Musculus (1876) showed that if urine in active alkaline fermentation 
be filtered through paper, this paper, after having been washed until 
the wash water is free from any alkaline reaction, and dried at 35°-40°, 
retains even for months a something capable of exciting alkaline fer- 
mentation of urea. This something, he considered to be "torulae" re- 
tained in the pores of the filter. The subsequent washing which he 
gave the paper with alcohol, it seems, must have killed any living cell 
retained in the pores. Further, Miquel, as before mentioned, has 
shown that urase is a soluble ferment. It is possible that the enzyme 
was fixed by the filter paper. We have, by the following experiments, 
shown that hardened filter paper fixes ptyalin. 

In an aeration tube, previously described, crumpled bits of hardened 
filter paper were substituted for the glass beads, and 10 per cent, saliva 
.was aerated over this paper for 24 hours. Controls were made of un- 
aerated saliva, and of saliva aerated over beads, side by side with the 
paper aeration, and at equal rates of aeration. That aerated over glass 
beads was found to be undiminished in activity after 24 hours aeration, 
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on comparison with the unaerated control. The comparison of the 
paper aerated saliva and the unaerated control is shown in the follow- 
ing table, the time indicated being that necessary to produce complete 
inversion of the given quantity of the starch solution. 

TABLE II. 
0.5 c. c. of 10 per cent saliva + 30 c. c. of 1 per cent starch solution at 37°. 



Control. 


Achromic point. 


Aerated saliva. 


Achromic point. 


3 hours 

8 " 

9 " 
24 " 


36 mm. 
32 " 
32 " 
32 " 


3 hours 
6 " 
9 " 
24 " 


64 min. 
60 " 
56 " 
60 " 



Thus the saliva has lost as the result of aeration over paper a portion 
of its diastatic activity. It will be borne in mind that, in the case of 
filtered saliva, with sufficient dilution, all the ptyalin can be removed. 
So also we find that in the case of sufficiently diluted saliva, all the 
ptyalin can be removed by aeration over paper. Thus a 2 per cent, 
saliva aerated for three hours over paper, was found to be absolutely 
inert when added to starch solution, whereas the corresponding control 
produced complete inversion of the same quantity of starch under the 
same conditions in fifty minutes. This one of several similar experiments 
indicates the general trend of our results. The ptyalin is weakened in 
activity (if the saliva is sufficiently dilute, entirely destroyed), by aera- 
tion, over paper, whereas similar side by side aeration over beads is with- 
out effect. 

On taking the paper thus aerated with saliva, and washing until the 
wash water no longer contains a trace of diastatic activity, and intro- 
ducing this paper into starch solution, complete inversion of the starch 
is produced, whereas control paper (perfectly fresh, hitherto unused 
filter paper) produces no inverting effect whatever. Thus : 25 sq. cm. 
of saliva aerated paper, on addition of 30 c.c. of 0.1 per cent, starch solu- 
tion, produced complete inversion of the starch in 2^/^ hours, while 25 
sq. cm. of control paper produced no effect whatever on the same quan- 
tity of starch in the same time. Test of the wash water showed it to 
be completely inactive. 

Similar results were found to be the case without exception in numer- 
ous repetitions of this experiment. 

Furthermore, on adding glycerin to the paper in the tube (after pre- 
viously washing until the wash water no longer bears a trace of diastatic 
activity) and aerating from one to twenty- four hours, the glycerin is 
imparted a marked diastatic activity, whereas similar aeration with 
water imparts to the water no such quality whatever. 

Experiment. — Tubes A and B were aerated side by side for twenty- 
four hours with 10 per cent, saliva, and then washed until the wash 
water was free from any trace of ptyalin. Water was then added to A 
and glycerin to B, and again aerated for twenty-four hours. Tested 
by adding 15 c.c of the water and of the glycerin to 15 c.c of 0.1 per* 
cent, starch solution respectively. Controlled with fresh water and 
fresh glycerin. The table below gives the reaction of the mixtures to 
iodine at the times indicated: 
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TABLE III. 



Control liquid. * 


Iodine reaction. 

• 


Asrated liquid. 


Iodine reaction. 


Water + Starch. 
Glycerin -|- Starch. 


Blue 2 hours. 
Blue 1 hour. 


Water A. 
Glycerin B. 


Blue 2 hours. 

A chromic 1 hour. 


Aftep 48 hours further aeration, 72 hours in all. 


Control liquid. 


Iodine reaction. 


Asrated liquid. 


Iodine Reaction. 


Water + Starch. 
Glycerin + Starch. 


Blue 4H hours, 
Blue 4^ hours. 


Water A. 
Glycerin B. 


Blue \V% hours. 
Achromic 4H hours. 



Lack of activity of A is not due to destruction of the enzyme, as 
a few shreds of the water washed paper after this aeration were found 
to produce complete inversion of 30 c.c. of 0.1 per cent, starch solution in 
eighteen hours, whereas control papers were entireh' inactive in an equal 
length of time. 

Thus the glycerin really becomes a solution of ptyalin. 

The facts that ptyalin is removed from its solution by filtration 
through hardened filter paper; that it is not removed by the Berkefeld 
filter; that it is not affected by aeration over beads; that it is removed 
from its solution by aeration over paper ; that this paper inverts starch ; 
and that it yields a diastatic property to glycerin and not to water, 
we take as demonstrating the fact that the ptyalin is fixed by hardened 
filter paper. 

Enzymes have been generally believed to be quite indialyzable or 
dialyzable with great diflSculty. Gorsline, working in this laboratory, 
recently perfected a new method for making collodium sacs, and in view 
of the very rapid dialysis of certain salts, he suggested the possibility 
of the dialysis of enzymes through such sacs. We have shown that 
ptyalin possesses the property of readily dialyzing through the collo- 
dium sac. 

The sacs used in the demonstration of this property were made by 
rotating the collodium sac tube t\<^ice in dilute collodium. This pro- 
duced a very thin sac, which collapsed when empty, was entirely free 
from leaks or opaque areas, and was practically invisible when im- 
mersed in water. 

Seven collodium sacs were prepared in this manner, and each was 
mounted on a glass tube with an air-tight joint obtained by constricting 
the sac onto the tube over a small flame. In sacs 1 to 6 inclusive were 
placed 5 c.c. of saliva, previously filtered through a single thickness of 
ordinary filter paper. This filtrate was found to possess very great 
diastatic activity. In the seventh sac, labeled "C," were placed 5 c.c. 
of the same saliva previously boiled for five minutes to destroy the 
enzyme. This served as control. Each sac was then immersed in a test 
tube on foot, containing 20 c.c. of starch solution containing glycerin. 
This starch on control test gave a deep blue coloration on the addition 
of iodine. In no case did the liquid in the sac reach the joint, thereby 
insuring the impossibility of the capillary escape of the saliva into 
the surrounding liquid. The tubes were then placed in the incubator 
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at 37°. At the end of three hours, a portion consisting of 2 e.e. was 
removed from each tube and tested- with iodine with the following 
result : 

TABLE IV. 

Tube containlD^ control sac Blue, 

" " sac 1 Achromic, 

(( (( *' 2 " 

(( (( "3 u . 

(( U li A (( 

'' '* '♦ 5!!!!!!!!!!!!!!!!!!!!!*!!!!! Pink, 

*' " "6 Achromic. 

When examined at the end of another hour, the liquid from the tube 
containing sac 5 also gave an achromic reaction. 

Tests of the empty sacs by distention under water with air showed 
complete absence of leaks, both before and after the experiments. The 
only way in which the ptyalin could have escaped from the sacs into 
the surrounding liquid was by dialysis. Repeated experiments con- 
firmed this result. In no instance did we fail to obtain a ready dialysis. 

BLaving dialyzed the enzyme, we next attempted to filter it through 
the collodium sac. We know of no previous attempts to use the col- 
lodium sac as a filter. Crendiroui)oulis and Rufiier (1900) called at- 
tention to the imperfect permeability to diphtheria toxin of the collo- 
dium wall when used as a filtering septum. Their method, however, , 
was one of dialysis and not of filtration. The same may be said of the 
work of Rodet and Gu^choff (1900) on the permeability of collodium 
sacs to peptone, albumin and sugar. The first mentioned writers state 
that ^*the collodium sac is not as permeable as is generally believed by 
bacteriologists," and the work of these men is of interest in calling 
attention to this fact. 

The filtering apparatus employed is the device of Dr. Frederick Q. 
Novy. It consists of a sac, such as previously described, mounted on a 
glass tube, the joint here being further strengthened by winding with 
silk thread and recoating with collodium. The tube then passes through 
a rubber stopper, the whole of which makes an air-tight connection with 
top of a test tube on foot. This test tube on foot is provided with, a 
side arm, through which attachment is made to a suction pump. 

The sac was tested before use by distention under water with air at 
the pressure of the ensuing filtration, and found free from leaks. Five 
c.c. of actively diastatic saliva, previously filtered through a single 
thickness of ordinary filter paper, were then placed within the sac, and 
suction was begun. The sac swelled and droplets appeared on the out- 
side like beads of perspiration. These became confluent, collected at the 
bottom of the sac and fell to the bottom of the tube. The filtrate was 
then compared in diastatic activity with the contents of the sac, which 
served as control. 

Experiment 1. — 1% c.c of liquid were filtered through the sac in 1 
hour and 30 minutes at a pressure of 2^^ inches. 0.1 c.c. of the contents 
of the sac was found to invert 30 c.c. of 1 per cent, starch solution in 22 
minutes, while the filtrate was entirely without effect in 22 hours. 

Experiment 2. — 3.4 c.c. of liquid were filtered through the sac in 11^ 
hours of a pressure of 2%-3i4 inches. 0.1 c.c of the contents of the sac 
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inverted 30 c.c. of 1 per cent, starch solution in 40 minutes, while the 
filtrate was entirely without effect in 45 hours. 

The sacs were again tested and found to be free from leaks. The 
ptyalin had been completely retained by the collodium filter. The same 
result was obtained in numerous similar experiments. 

The sacs after being used as filters, were washed thoroughly and used 
for the purpose of dialysis. The same sacs, which were found to deny 
any passage whatever to the ptyalin when used as filters, were found to 
readily dialyze the enzyme. 

As an example, the following dialysis experiment was performed with 
the sac of Filtration 2 (see above), — and was controlled with boiled 
saliva in a'nother sac under identical conditions. The dialysis and the 
tests with iodine were performed as described above. 



Starch with control sac 


Control. 
Blue. 


1 hour. 

Blue. 
Pink. 


1 hour 40 miD. 

Blue. 


Starch with used sac 


Blue. 


Achrorriic 



The sacs were again tested and found to be free from leaks. 

The retention by the filter is hot due to fixation, as the enzyme 
traverses the sac in the longer process of dialysis. 

We have thus observed the fixation of ptyalin by hardened filter 
paper; its dialysis through the collodium sac; and the impermeability 
of the collodium sac to ptyalin, when used as a filter. 

It might be offered as a mere suggestion that the indialyzability of 
enzymes through parchment is due to some such fixation as we have 
here observed. We know that enzymes are dialyzable. We have demon- 
strated this in the case of others besides ptyalin. We also know that a 
fixing action is possessed by certain papers. It would be interesting to 
determine whether this suggestion would be substantiated by the facts. 

Also as a suggestion, the idea might be advanced that these experi- 
ments throw some light on the physical structure of the enzyme molecule, 
arguing a complex physical form or structure for the molecule, which 
may be imagined as branching or cob- web like. It may be assumed that 
the molecules in the filtration experiments are impelled by a force and 
become plastered against the filtering wall, mutually hindering each 
other from passage, while in the case of dialysis, impelled by no such 
pressure and subjected to no such plastering, the molecules can adjust 
themselves to the shape and size of the pores or molecular interspaces of 
the collodium septum, and insinuate their way through it, in some such 
way as the blood corpuscle escapes through the containing capillary wall 
in diapedesis. 

The results presented in this paper constitute a part of a more ex- 
tended investigation which will be published elsewhere. This work has 
been rendered possible by the aid granted by the Rockefeller Institute 
for Medical Research. 
David J. Lbvy^ A. B., 

Assistant in Bacteriology. 

Late scholar of the Rockefeller Institute for Medical Research. 
Laboratory of Hygiene, University of Michigan, 
Ann Arbor. 
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A PRELIMINARY REPORT UPON THE EXTRACTION OF A 

TOXIN FROM LIVER CELLS. 

J. F. MUNSON AND FRANK R. SPENCER. 

The liver of an ox, just after the animal had been slaughtered, wa» 
obtained and passed through a sausage machine, thus finel}' dividing the 
structure and removing a considerable portion of the connective tissue. 
This finely divided material was stirred up with five times its volume 
of 1 per cent, sulphuric acid, and the mixture was heated for three hours 
and thirty minutes in the water bath at a temperature of 81° C. Then it 
was heated for three hours longer over the direct flame at 100° and 
filtered. The filtrate proved to be a clear, light,, amber-colored fluid, 
which was added, drop by drop, to three volumes of 95 per cent, alcohol 
with constant stirring. The precipitate which formed was collected 
upon a hard filter, washed with alcohol and ether, and then dissolved in 
a minimum amount of water. This solution was again precipitated by 
adding it, drop by drop, to three times its volume of 95 per cent, alcohol. 
The precipitate was washed with alcohol and ether, then redissolved in 
distilled water. This process was repeated until the aqueous solution 
failed to give a test for sulphuric acid with dimethylamidoazobenzol. 
The substance thus obtained was dried in vacuo and ground, first in a 
porcelain and then in an agate mortar. The cleavage product thu« 
obtained when dissolved in water and injected intraperitoneally into 
guinea-pigs and rabbits, killed the animal when the proportion is one part 
of the extract to 500 parts of body-weight. When used in smaller 
quantities there is more or less marked emaciation, depending upon the 
quantity injected, from which tjie animal recovers very slowly. So far 
we have not been able to secure any marked degree of immunity by be- 
ginning with small doses and gradually increasing the quantity. 

After acute poisoning with the quantity above mentioned, post-mortem 
examination shows the liver of the dead animal to be deeply congested. 
The spleen is soft and mottled, with dark and pale red spots. The kid- 
neys show no gross changes, but the adrenals are markedly congested. 
The gastric and mesenteric vessels are greatly dilated, and there are 
frequently found small hemorrhagic areas under the peritoneum. The 
minimum fatal dose produces the pathological changes of an acute in- 
toxication and kills in from twelve to thirty-six hours. Repeated in- 
jections of small doses produced chronic poisoning in rabbits. The 
weight curve shows a marked fall after the first dcfse, but a partial im- 
munity is soon acquired, and there is only a slight fall in weight after 
each succeeding dose. 

We are now injecting rabbits with an emulsion of fresh liver cells of 
a guinea-j)ig and ho])e to obtain a serum from these animals, which will 
produce cytolysis and immunity in other animals. In brief, we hope to 
obtain a specific serum. 

J. F. MuNSON, A. B., and Frank R. Spencer, M. D., 
Laboratory of Hygiene, University of Michigan. 
Ann Arbor. 
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THE INTRACELLULAR TOXIN OF BACILLUS PYOCYANEUS.* 

DONAIJ) R. MACINTYRB. 

The object of this research was to ascertain whether or not Bacillus 
pyocyaneus contains an intracellular toxin. Some years ago Buchner 
obtained from this organism a large quantity of a pyogenetic proteid. 
He took the germ substance from potato cultures, rubbed it up with 
water and then treated it with about fifty volumes of a 0.5 per cent, 
solution of caustic potash. This formed in the cold a mucil^inous 
mass, which dissolved at the temperature of the water bath and after 
being heated for several hours was filtered and acidified with acetic or 
hydrochloric acid. This acid threw down a precipitate, which was col- 
lected, washed with water, and was injected subcutaneously into ani- 
mals. It was also placed in sterilized spindle-shaped glass tubes, and 
introduced under aseptic precautions under the skin of rabbits. After 
from two to three days the tubes were removed and found to contain, 
in addition to some of the proteid, several cubic millimeters of fibrinous 
pus, which proved to be sterile. 

In 1889, Charrin and Roger, working with Bacillus pyocyaneus^ made 
the experiments which may be said to be the starting point of all subse- 
quent work on agglutination. These facts made it desirable to ascertain 
whether or not this organism contains an intracellular toxin. 

My own work may be summarized as follows : Pure cultures were 
grown in the large tanks used in this laboratory, and after fourteen days, 
the germ substance was removed from the agar, precipitated with alcohol, 
collected on a hard filter and extracted with alcohol and ether. The 
toxicity of the germ substance for guitiea-pigs is shown in Table 1. 

TABLE 1. — The Toxicity of the Pmodered Oeitn Svbstance of^ Bacillus Pyocyaneus when 

injected intrapeiitoneally into Guinea-pigs, 













Proportion 


Protocol 




Amount in- 






of toxin to 


number. 


Weight. 


jected, mg. 


Results. 


Hours. 


body weight. 


1 
2 


215 
250 


43.00 
50.00 


+ 

(2 + in 12 hours.) 


12) 
12 5 


1 to 5,000 . 


3 

4 


230 
190 


23.00 
19.00 


(2 + in 12 hours.) 


12) 
12 f 


1 to 10,000 


5 
6 


290 
190 


14.50 
9.50 


+ 

+ 
(2 -(- in 12 hours.) 


12 ( 
12 5 


1 to 20,000 


27 

28 


180 
195 


4.50 
4.86 


+ 
(2 + in 12 hours.) 


12 1 
12 f 


1 to 40,000 


21 
22 


200 
245 


4.44 
5.44 


+ 

+ 
(2 + in 12 hours.) 


12) 
12 \ 


1 to 45,000 



♦This paper and the two which follow are from a series of studies of bacterial cells, research In. 
the Hygienic Laboratory of the University of Michigan, 1903. 
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TABLE 1.- Continued. 











Proportion 


Protocol 




Amount in- 




of toxin to 


number. 


Weight. 


jected, mg. 


Results. Hours. body weight 


7 


250 


5.00 


+ 121 




8 
17 


230 
220 


4.60 
4.40 


+ • 12 
+ 12 


1 to 50,000 


18 


210 


4.20 


+ • 12j 
(4 + in 12 hours.) 




15 


240 


4.36 






16 


230 


4.18 






19 


235 


4.27 


+ 24 


1 to 55,000 


20 


240 


4.36 


(1 + in 24 hours;, 3—.) 




23 


180 


3.00 






24 


215 • 


3.54 






13 


190 


3.166 






14 


265 


4.401 


+ 24 1 to 60,000 








(1 + 24 hours; 3—.) 




25 


210 


3.23 






26 


305 


4.69 


+ 24] 


1 to 65,000 


11 


210 


3.23 


1 

1 


12 


220 


3.384 


+ 12' 


1 




• 




(2 + in 12 to 24 honrs: 2- 


-.) 


10 


315 

260 


4.20 
3.466 


1 


• 1 to 75,000 



(2-.) 

It will be seen from Table 1 that the powdered germ substance of 
Bacillus pyocpaneus is surely fatal to guinea-pigs when injected 
intraperitoneally in the proportion of one part to 50,000 parts of body 
weight. 

When injected subcutaneously in guinea-pigs, even in as large quan- 
tity as one part of the toxin to 10,000 of body weight, the only incon- 
venience that resulted was a slight swelling at the point of inoculation, 
followed by temporary loss of weight. Subcutaneous injections did not 
give immunity to subsequent intraperitoneal treatments. 

These results show that the toxin is not destroyed, although it is 
slightly diminished at the temperatures given in the tables. 



TABLE 2.— 



Protocol 
number. 

29 
30 
31 

32 
33 
34 
35 

36 
41 
37 

40 
38 
39 



Toxicity of the Oeiin Substance of Bacillus Pyocyaneus wjected intraperi- 
toneally into Guinea-pigs after being heated. 



Weight. 

189 
240 
140 

250 
230 
225 
245 



Amount in- 
jected, mg. 

4.50 
4.40 
2.80 
(30 minutes at 75 C.) 
5.00 



Results. Hours. 

+ 12 

+ 12 

+ 12 

(3 + in 12 hours) 



4.60 
5.00 
6.10 



+ 
+ 
+ 
+ 



12 
12 
12 
12 



Proportion 

of toxin to 

body weight. 

1 to 40,000 
1 to 45,000 
1 to 50,000 

1 to 50,000 

30 minutes 
at 100 C. 



220 
190 
190 
230 
240 
205 



4.40 
3.80 
4.20 
5.11 
6.00 
5.12 



(4 + in 12 hours.) 



1 to 50,000 
1 to 45,000 
1 to 40,000 
(30 minutes at 100 C.) (5 + in 12 hours to 18 days, 1—.) 



+ 
+ 
+ 

+ 



12 

12 

12 

18 days. 

12 
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TABLE 2.— Continued. 













Proportion 


Protocol 




Amount In- 






of toxin to 


number. 


Weight. 


jected, mg. 


Results. 


Hours. 


body weight. 


44 


245 


4.9 


+ 


18 


1 to 50,000 


45 


150 


5.00 








.47 


235 


5.22 


+ 


18 


1 to 45,000 


43 


225 


5.00 


+ 


18 




42 


200 


5.00 


+ ■ 


16 days 


1 to 40,000 


46 


220 


5.50 


+ 


12 






(30 minutes at 120 C.) 


(5 + in 12 hours to 16 days, 1 - 


-0 



The intracellular toxin can not be extracted, at least not in appreciable 
quantity, by physiologic salt solution. 100 mg. of the germ substance 
was suspended in 50 c.c. of physiologic salt solution, placed in a sealed 
tube, and vigorously agitated in a mechanical shaker for twelve hours, 
at the end of which time the emulsion was filtered through heavy Swedish 
filter paper, and the filtrate found to be without toxic effect. This is 
found to be true, whether the germ substance was freshly taken from 
agar cultures or had been previously extracted with alcohol and ether. 

When the germ substance was extracted with one per cent, of sulphuric 
acid and this extract treated with absolute alcohol, a precipitate was 
obtained. This precipitate, after having been washed until the washings 
were free from acid, dried and injected into animals, proved to be toxic, 
but much less so than the original germ substance. 

While no appreciable amount of toxin could be obtained from the cell 
substance, a hemolytic body was extracted with physiologic salt solution ; 
100 mg. of the germ substance which had been hardened by the action of 
alcohol and ether, was suspended in 50 c.c. of physiologic salt solution 
and agitated for twelve hours, after which it was filtered through heavy 
Swedish paper. To three tubes containing each 10 c.c. of a 5 per cent, 
solution of defibrinated blood*, the following quantities of physiologic salt 
solution extract of the germ substance were added : 

Tube 1 received 10 c.c. of the extract. 
Tube 2 received 1 c.c. of the extract. 
Tube 3 received 0.1 c.c. of the extract. 

These tubes were placed in the incubator for twenty-four hours, at 
the end of which time complete hemolysis had occurred in Tube 1. In 
Tube 1, about one-third of the blood had been dissolved, while in Ttibe 
3 the hemolytic action was found to be very slight. 

The hemolytic substance was also extracted from the unhardened fresh 
germ. Some of this germ substance was shaken with physiologic salt 
solution for twelve hours and then passed through a Berkefeld filter; 
13 c.c. of this filtrate was found to completely dissolve all the blood 
corpuscles in 10 c.c. of a 5 per cent, blood solution in twenty-four hours 
at incubator temperature. 

My conclusions may be stated as follows : 

1. Bacillus pyocyaneus does contain an intracellular toxin. 

2. This toxin can not be extracted from the cell by physiologic salt 
solution. It is in part extracted by dilute sulphuric acid. 

3. Heat to 120 C. in the autoclave continued for thirty minutes only 
slightly diminishes the toxicity of the cell substance. 

4. The cell substance of Bacillus pyocyaneus contains a hemolysin, 
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which may be extracted from the cell, either in the fresh state or after 
treatment with alcohol and ether by physiologic salt solution. 

5. The minimum lethal dose of the cellular toxin is for guinea pigs, 
when given intraperitoneally, about one })art of the cell substance to 
50,000 parts of body weight. 

6. When injected subcutaneously in guinea-pigs in the proportion of 
one part of the cell substance to 10,000 parts of body weight or less, no 
permanent ill-effect results. 

7. Subcutaneous injections do not give immunity to subsequent in- 
traperitoneal injections. 

Donald R. MaoIntyue, 

Assistant in Hygienic Laboratory, University of Michigan, 
Ann Arbor. 
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THE EFFECT OF PUTREFACTIVE BODIES ON THE CHEMICAL 

TESTS FOR MORPHINE. 

M. W. CLIFT. 

In at least three important trials for murder, the possibility of putre- 
factive products being mistaken for morphine, has arisen. The first of 
these was the Sonzogna trial at Cremona, Italy, in which it is probable 
that the experts confounded a putrefactive body with morphine. This 
substance was extracted from either alkaline or acid solutions with ether, 
but could not be removed with amylic alcohol. It reduced iodic, acid, 
but in its other reactions, also in its physiological properties, it bore 
no close resemblance to morphine. In the Buchanan case, in New York, 
every test for morphine was duplicated with putrefactive products, so 
that the distinguished chemists present were not able to tell which of 
the two portions contained the alkaloid. In the case of Dr. Urbino de 
Freitas, of Oporto, Portugal, who was accused of attempting the whole- 
sale murder of his wife's family by the administration of morphine, the 
toxicologist, who investigated the case, relied for the detection of this 
alkaloid upon the color reactions applied to residues obtained by follow- 
ing Dragendorff's method. The chemist reported not only morphine, but 
narcein and probably delphinin. The defense questioned the reliability 
of the tests used, and many of the most prominent toxicologists of 
Europe became more or less involved in the controversy. These cases 
are enough to illustrate the desirability of further investigation along 
this line. Many methods have been suggested for the extraction of mor- 
phine in medico-legal cases, without confounding it with any putrefactive 
body. The best of these methods is that advanced by Kippenberger, who 
holds that the alkaloidal tannates are soluble in glycerin, while the 
putrefactive bodies, likely to interfere with the tests for morphine, are 
insoluble in this agent. A careful reading of Kippenberger's paper shows 
that this statement does not rest upon any extensive experiments. 

Therefore, in order to ascertain the validity of his claims and, if 
possible, throw some light on the determination of morphine in organic 
mixture, the following experiments were undertaken. The method of 
the work may be described briefly as follows: Six flasks (II/2 1-) were 
cleaned, rinsed with distilled water, and in each of these there was placed 
500 g., of chopped beef liver, and 1,000 c.c. of distilled water. These 
flasks were then placed in the autoclave and sterilized at 120° C. for 
forty-five minutes. After having been heated, the flasks were allowed 
to stand at room temperature for twenty-four 'hours, when their sterility 
was proven by inoculating tubes of beef tea with material from each 
flask. After this, these flasks were treated as follows: 

No. 1 was inoculated with bacillus pyocyaneus ; 

No. 2 was treated with 100 mg. of morphine and then inoculated with 
bacillus pyocyaneus; 

No. 3 was treated with 200 mg. of morphine and then inoculated with 
bacillus pyocyaneus; 
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No. 4 was inoculated with bacillus coli ; 

No. 5 was inoculated with bacillus coli and treated with 100 mg. of 
morphine ; 

No. 6 was treated with 200 mg. of morphine and inoculated with 
bacillus coli. 

All of these flasks were then placed in the incubator at 37°, where 
they were kept for two weeks. At the expiration of this time they were 
all autoclaved at 120° for forty -five minutes. A 2 per cent, solution of 
tannic acid in glycerine was poured into each flask in an amount equal 
to the mass therein contained. The flasks were then placed in an incu- 
bator and kept for forty-eight hours at 40°. Then the flasks were re- 
moved from the incubator, the contents strained through muslin, and 
the filtrate heated on a water bath at 60° for one-half hour, in order to 
bring down the coagiilable proteids. After filtration through paper the 
filtrates were shaken with twice their volumes of petroleum ether. After 
separation of the ether, the material "was heated in order to drive off 
traces of the solvent, and then rendered slightly alkaline with sodium 
hvdrate and shaken with chloroform. The chloroform extract from each 
and every flask promptly reduced iodic acid and potassium permanganate. 
Like results were obtained amvlic alcohol extracts from an alkaline 
mixture. None of these residues gave either the ferric chloride or the 
Frophde test for morphine in a satisfactory manner. Great difiiculty 
was experienced in obtaining clean pure residues. This was true with 
both the chloroform and amylic alcohol extracts, and it was found to be 
necessary to repeatedly take up the residues with water slightly acidu- 
lated with acetic acid, and again render alkaline and shake with the 
solvent. Crystalline residues were finally obtained from only two flasks, 
one of which contained morphine, while the other did not. The crystals 
in both of these cases seemed identical microscopically with those ob- 
tained from an alkaline solution of morphine shaken with chloroform, 
and the chloroform extract evaporated. The crystalline residue was so 
small in amount that the possibility of determining the melting point 
was excluded. It must be evident from these results that a satisfactory 
method of extracting morphine in medico-legal examinations is not fur- 
nished by Kippenberger, and while the work herewith reported is nega- 
tive in character, it seems justifiable to assume that until we have more 
definite konwledge of the putrefactive bodies giving moi'phine-like re- 
actions, it will be impossible in most cases to determine the presence 
of morphine by chemical means. 
M. W. Clift, 

Hygienic Laboratory, University of Michigan, 
Ann Arbor. 
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A^ ACTINOMYCES ISOLATED FROM MAN. 

DAVID J. LEvt. 

In 1877 Bollinger recognized, as the cause of lumpy-jaw in cattle, an 
organism which he described and named Actinomyces, The observatioii 
of other investigators have since demonstrated that the condition of 
actinomycosis is not produced by this organism alone, but that a num- 
ber of distinct species, possessing in common properties which entitle 
them also to classification as streptothrices, may bear an etiologic rela- 
tion to this condition. Gradually the term ^^actinomyces" has passed 
from designating a single species of a genus, and has itself become a 
generic term, practically synonymous with "streptothrix." Of late the 
tendency has been to supplant the term "actinomyces" by the term 
"streptothrix," and we have today some forty or fifty distinct members 
of this group. Lachner-Sandoval properly insists that preference be 
given to "actinomyces'' for reasons of priority. 

The differentiation and distinction between the various species is not 
very definite. Various standards of classification exist. One, for in- 
stance, is based on the pigment production. The pigment production of 
a streptothrix is a variable quality, the same species showing marked 
variation according to the age of the culture, the nature of culture med- 
ium, etc. Likewise, considerable variation in other cultural characteris- 
tics exist in the same species, due to different conditions of observation. 
Pathogenic streptothrices lose their virulence readily; and, after several 
generations in artificial culture, this important means of identification 
is lost. The thermal death point, also, serves as the point of distinction 
between certain otherwise nearly identical organisms. 

We are, then, unwilling as yet to announce that the strepthothrix 
which it is the purpose of this paper to describe, is an entirely new 
species, although we have thus far been unable to find in the literature, 
a streptothrix having the same cultural characteristics. 

This organism was isolated last summer, by Dr. Frederick G. Novy, 
from the pus and scrapings from a patient at the University hospital, 
and was subsequently given to me for identification. Inasmuch as this 
case will be described by Dr. A. S. Warthin, no details need be given 
at this time. In attempting to classify this organism, the scheme of iden- 
tification of Neukirxh and that of Foulerton and Jones, was followed. 
It is therefore desirable to note that the cultural characteristics to be 
described have been obtained on the media employed by these authors 
in their respective classification of the ray-fungi. 

In morphology, the organism does not differ from previously described 
streptothrices. The individual colonies consist of long, interwoven, non- 
septate, branching filaments. Within the filaments are observed deeply 
staining coccules or rod-like modifications of the protoplasm. These 
structures may be spores, natural cell differentiation or plasmolytic 
products. Larger and less numerous, deeply staining bodies, however, 
occurring laterally on the filament, or terminally on short branches, I 
22 
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have regarded as the spores produced by the organism. However, even 
these probably are not true spores, as indicated by the thermal death 
point of the cultures. The mycelium may be made up of interlaced 
filaments, or may appear as wavy, somewhat parallel strands, suggesting 
a horse/s mane; in old cultures, a marked fragmentation of the mycelium 
may be observed. Club-shaped enlargements of the ends of the fila- 
ments and of short latel^al branches are frequently encountered, particu- 
larily in old cultures. These fi'equently show what may be termed polar . 
bodies and transverse bands, resembling in appearance the club-shaped 
forms of B. diphtheria?. The width of the mycelium is not constant, and 
may, in places, assume a diameter many times that of the neighboring 
filaments and portions of the same filament. In general, the width is 
^bout 0.4 of a micron. The broadened filaments may be thickly studded 
with the above mentioned coccules, scattered irregularly, or the whole 
diameter may be taken up by the solid, deeply staining protoplasm. I 
have not observed thus far in any of the preparations examined, fruit 
hyphae containing rows of conidia. The morphology of the organism on 
the various media has not yet been systematically worked out. 

Cover-glass preparations stain readily with the ordinary dyes and 
«lso take Gram's stain. On applying Ziehl-Neelsen's solution, the organ- 
ism is found to be alcohol-fast but not acid-resisting. 

Thermal death point determinations show that sporulating cultures re- 
sist 45° perfectly for sixty minutes, but are destroyed by 65° in less than 
five minutes. 

The cultures grow best in the presence of air, but can be grown in 
the absence of oxygen. However, growth under the latter condition is 
slow, and pigment production is decreased. The anaerobic conditions 
employed were displacement of the air by hydrogen, and the absorption 
of oxygen by the pyrogallic method. 

Growth occurs at room temperature, at 22°, and at 37°, but best at 
37°. 

The pigment is a brilliant orange on almost all the media employed. 
It is evidently' insoluble in alcohol, chloroform, ether or water. In one 
instance it was observed to diffuse slightly through a liquefied gelatin. 

On agar plates the colonies are round, raised, moist, hard and of a 
brilliant orange color. Microscopically, a deep yellow center is seen, sur- 
rounded by a lighter, less dense zone of branching filaments, producing 
a ray appearance. In young colonies, the inner zone cannot be dif- 
ferentiated, and the colony appears as a ball of interwoven filaments, 
with peripheral radiations. 

The growth on inclined agar consists of round, elevated, moist colonies, 
of an intense orange color, and firmly implanted in the medium. In 
order to obtain growth, the implanted material must be rubbed strongly 
into the inclined surface of the agar. The growth appears at first 
as minute, pin-head, roundish elevations of a pale orange color. Deep 
colonies, closely resembling these, also occur. The surface colonies grad- 
ually increase in size, assuming a somewhat deeper pigment, and during 
the growth, adjacent colonies may coalesce, forming a circumscribed, 
wrinkled growth. In no instance have I observed a chalky efflorescence, 
due to air-hypha?, covering the surface of the colonies, as has been de- 
scribed for many streptothrices. Descending filaments are probably the 
•cause of the firm implantation of the colonies in the medium. The 
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cultures on 2 per cent, glucose, glycerin and plain agar present the same 
general characteristics, save that the growth is most abundant on glu- 
cose, less so on glycerin, and least on plain agar. The time necessary 
for the production of growth is usually not less than three days. 

Gelatine stabs develop slowly at 21°-22°, and not abundantly. After 
a variable interval of 3-6 days, discrete colonies may appear along the 
line of inoculation with a more profuse surface growth. The individual 
colonies present a puff-ball appearance, consisting of a dense orange 
center, surrounded by a peripheral radiating zone of a pale yellow color. 
A surface film forms, due to the coalescence of adjacent colonies. The 
organism produces a strongly proteolytic enzyme. Unless grown in a 
moist chamber, no liquefaction is at first observed owing to evaporation, 
merely a retraction of the surface of the medium. Later, hdwever, 
fluidity of the medium occurs. When cultures are grown in the moist 
chamber, how^ever, liquefaction is apparent in two or three days and co- 
alesced groups of colonies are seen floating on the surface of the fluid medi- 
um. The liquefaction becomes cylindrical, and the floating mass of growth 
may sink to the level of the underlying solid medium. Total liquefaction 
of the medium does not occur in several months. When portions of growth 
are firmly streaked on gelatine plates, and the plates are developed in . 
a moist chamber at 22°, the medium about the implanted material be- 
comes pitted, resulting in well-marked liquefaction in 24-48 hours, where- 
upon the growth is observed as islands floating in the surrounding fluid 
medium. In the course of a few days the whole plate becomes liquefied. 
Proliferation does not seem necessary to the prodjjction of liquefaction, 
as the transferred material alone possesses sufficient proteolytic power 
to render fluid the surrounding medium, before further growth is ap- 
parent. The liquefied medium does not become pigmented. A slight 
pigmentation, however, was observed in the case of a single culture 
about two months old. Free access of oxygen is evidently necessary to 
the production of the enzyme, as deeply situated colonies do not appear 
to possess this liquefying property. <• 

The proteolytic property of the organism is also markedly manifested 
in cultures on Loeffler's blood serum. The growth here is very abundant 
and rapid. The deep orange color manifested in cultures on other media 
is modified by a brownish tint. The medium at first becomes pitted be- 
neath the grow^th, and after three to «ix days marked liquefaction re- 
sults. The medium becomes a clear, brown fluid, with a brownish sedi- 
ment of the growth. 

Cultures in the glycerin bouillon and in plain bouillon are obtainable 
and show on the bottom discrete colonies presenting a puff-ball appear- 
ance, or a fluffy sediment, with individual colonies adherent to the sides 
of the tube. The uppermost colonies having free access of air, are of a 
deeper orange tint than the ones well immersed in the liquid. The 
medium remain perfectly clear. 

The numerous attempts which have been made to obtain a growth on 
potato have been almost invariably unsuccessful, although a number of 
modifications of potato media have been employed. With the potatoes in 
Roux tubes containing alkaline pepton water a good growth can be 
obtained. 

Cultures in litmus milk, containing 0.5 per cent, of N NaOH produce 
an orange colored surface growth. No change occurs in the reaction of 
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the medium. The milk gradually clears from above downward, assum- 
ing a brownish purple color, while a compact, whitish sediment (casein) 
occupies the bottom of the tube. The clarification begins to appear only 
after the culture is several weeks old, and then progresses slowly. 

To test the diastatic action of the organism, cultures w^ere made in a 
medium employed by Foulerton and Jones, consisting of 1 g. of potato 
starch, 1 g. of pepton, and 0.6 g. of NaOl, in 100 c.c. of distilled water. 
Foulerton and Jones state, in their work which embodies a quite com- 
prehensive study of the genus streptothrix, that of all the pathogens (10 
in number) investigated by them, no one inverts starch. At the end 
of one week's growth, the addition of iodine to cultures of our organism 
in this medium shows a complete inversion of the starch, whereas un- 
inoculated control tubes still respond to the addition of iodine with a 
deep blue color. The growth in this medium is slight, indicating the 
production of a strong diastatic ferment. 

Intraperitoneal and subcutaneous injections into guinea-pigs of i/^ c.c. 
each of a rich beef-tea suspension of an agar growth of this organism, 
have thus far (24 days) been without effect, as have subcutaneous, in- 
traperitoneal and intrapleural inoculations of similar doses into white 
rats (13 days). Actinomycotic lesions may exist in the animals, al- 
though as yet no evidence of such can be detected. It is a well known 
fact that organisms of the genus streptothrix lose their virulence readily 
on successive generations in artificial culture. Furthermore,* the organ- 
ism, although pathogenic for man, may be without effect on laboratory 
animals, while therefore the production of disease or death in the in- 
oculated animals would establish the pathogenicity of the organism, nega- 
tive results do not prove the contrary. 

My thanks are due to Professor Novy, not only for the privilege of 
working out the characteristics of this organism, but also for the many 
suggestions made by him. 
DAvm J. Levy^ a. B., 

Assistant in Bacteriology. 

Late Scholar of the Rockefeller Institute for Medical Research, 
From the Hygienic Laboratory, University of Michigan, 
Ann Arbor. 
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AN IMPROVED MEDIUM FOR CULTIVATING TRYPANOSOMA 

BRUCEI. 

WARD J. MACNEAL. 

The successful cultivation of Trypanosoma hrucei was announced some 
months ago by Professor Novy and myself in "The Journal of the Ameri- 
can Medical Association^'* and later in "The Journal of Infectious Dis- 
eases."t Iii neither of these publications was a detailed description of 
the culture medium given, largely because we did not know what con- 
stituents were essential. In the first set comprising fifty animals (mice, 
rats and guinea-pigs) from which cultures were attempted, we were able 
to report positive results in only four, namely trials 26, 36, 38 and 39. 
As an indication of the uncertainty in regard to the essential conditions 
for success, it is significant that the next successful attempt was trial 
90; that is to say, that after the announcement of this discovery it was 
necessary for the authors to make fifty attempts before they could dupli- 
cate the last positive result. 

At present we have completed 114 culture trials; that is to say, in- 
oculations have been made from 114 animals. In each case from one to 
ten tubes or flasks were inoculated with trypanosome blood. Of these, 
fifteen have been successful (about 13 per cent.). Of the last fourteen 
trials, seven have been successful (50 per cent.) ; so it is apparent that 
we are getting nearer to the proper medium. 

The first successful trial (No. 26) was made August 27, 1903. A 
nutrient agar containing the extractives of 450 g. of beef, 5 g. salt, 20 g. 
pepton, and 20 g. agar in one liter, was given different degrees of alkalin- 
ity by adding 12^, 10, 7%, 5, 2^, and cubic centimeters of N 
NaOH to each 1000 c.c. of agar. After tubing and sterilizing, this agar 
was kept for some time, a month or so, before use. It was liquefied in 
boiling water, cooled somewhat, and the contents of a tube of each lot 
mixed with | its volume of defibrinated rabbit's blood, then inclined 
and allowed to solidify. We prepared thus tubes of blood agar (2:3) of 
different reactions, from the natural acidity to an alkalinity imparted 
by 121/2 c.c. N NaOH per liter. 

A white mouse, in the last stages of nagana, was etherized, after 
which its blood was drawn from the heart by . means of a 
sterile pipette. Each of the six tubes was inoculated with one 
drop of this blood, then sealed with a rubber cap and kept in a black box 
at room temperature, from 20° to 30° C. The trypanosomes gradually 
died out until on the twentieth day an increase in numbers was observed 
in two of the tubes, which continued for a few days and then the protozoa 
gradually died out. Transplants made on the twentieth day and kept 
at 30° gave positive growths, and this strain has been kept up ever since, 
being now in its twenty-third generation. 

Transplantation, in the case of a first generation, is rarely successful 

*Jour. Am. Med. Assn., Nov. 21, 1903. 
t Jour. Infectious Diseases, I, 1904, p. 1. 
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before the nineteenth day, and is more certain if the twentieth to thirtieth 
day is awaited. So for purposes of classification I have arbitrarily as- 
sumed that first generations showing well formed, active trypanosomes 
on or after nineteen days are positive, ' others negative. In most cases 
conclusive sub-culture tests were carried out, but sometimes, on account 
of lack of proper medium, this was not done. As stated above, the growth 
was positive in two of the six tubes, these two being the 5 and 10 alkali, 
the intermediate 7I/2 alkali, curiously enough, remaining negative. 

The second culture, trial 30, was obtained from a white mouse after 
death from the disease. Two tubes of the same medium were used, a 
IY2 P^r cent, agar with 15 c.c. N NaOH per liter, otherwise resembling 
the preceding. One of these tubes gave a good culture, which was proven 
by obtaining a successful second generation from it. 

For the third successful trial (No. 38) a 2:1 blood agar was used, 
the agar portion containing 3 per cent, pepton, 1 per cent. N NaOH and 
3 per cent. agar. Two tubes were inoculated from a mouse dead of the 
disease. One became contaminated, the other gave a good culture of 
trypanosomes, which was proven by a second and third generation. This 
first generation was richer than the preceding, apparently because of the 
greater amount of rabbit blood in the medium. This, and similar ex- 
periments, has led to the regular use of a 2 : 1 blood agar for the growth 
of this organism. 

In the fourth successful trial (No. 39) thirteen tubes of various kinds 
of blood agar were employed. Two gave positive growth. The agar basis 
for these two was the same, a 3 per cent, agar neutralized according to 
Thalmann, that is by the addition of | the alkali necessary to render 
the medium neutral to phenolthalein, in this case 16 c.c. N NaOH per 
liter. The blood added to one tube had been laked by means of distilled 
water ; in the other, ordinary defibrinated blood was used. Each showed 
a good growth, but transplants failed to give a second generation. The 
trypanosomes, in one of the tubes, remained alive for fifty-five days. 

The next fifty attempts were all failures, partly because the oncoming 
winter did not afford a favorable room temperature for the growth, 
partly also because the cultures could not receive the necessary atten- 
tion as other lines of work became moi^e important. Later, when the 
small Erlenmeyer flask had replaced the test tube, we began to get cul- 
tures again. This list of fifty failures served to impress upon us the 
exacting character of the organism and the necessity of more definite 
knowledge concerning its requirements for isolation. 

Certain experiments, with various solutions, served to show that an 
excess of NaOH is more unfavorable to trypanosomes than a similar ex- 
cess of NaXO-j, and hence we came to use the latter altogether in making 
up the agar constituent. 

The ninetieth trial was the next success. A single flask of 2 : 1 blood 
agar was inoculated with a drop of rat blood, rich in trypanosomes, on 
December 15, 1903. A positive culture resulted and it was carried 
through four generations. The agar basis employed for the first genera- 
tion contained 3 per cent, agar, 2 per cent, pepton, 1 per cent. N 
NasCO-i, together with the extractives of 450 g. meat in one liter. 

The ninety-first trial is worth mentioning, although it is not one of 
the fifteen positive cultures. In this trial a single flask, containing the 
same medium as in the preceding, was used; on the twelfth day the 
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flask was very rich in trypanosomes, apparently an active multiplication 
taking place. Several transplants were then made. None of these de- 
veloped, and on subsequent examinations it was found that the original 
culture had died out also. It seems probable that it would have lived 
twenty, days and more, had it not been disturbed so early. This seems 
especially probable, in view of the fact that positive cultures, were 
obtained in the trials immediately preceding and following, in both of 
which this same medium was employed. 

In trial ninety-two^ only one flask was inoculated with the blood of a 
rat dead of nagana. Examinations on the fifteenth and on the twenty-fifth 
day were negative, but on the twenty-eighth day active trypanosomes 
were found. The sub-culture, however, failed. 

Trial ninety-six was the next positive cuture. In this case nine flasks 
of blood agar were inoculated, each with about one-half drop of blood 
drawn from the living heart of an anaesthetized nagana rat. Each flask 
contained a mixture of blood and agar in the ratio of 2:1, the agar 
being slightly different in each in respect to the amount of meat ex- 
tractives and common salt present. 450 g. of chopped beef were ex- 
tracted with 450 c.c. of water in the usual way. Agar was made directly 
from this by adding pepton, agar and 10 c.c. N NagCOg per liter, and this 
is designated as 1 : 1 meat agar. Other agars were made from this meat 
extract after it was diluted with water, thus a 1 : 2 and 1 : 10 meat- water 
agar were prepared, and finally one with distilled water in place of the 
meat extract. Each variety was further subdivided by the addition of 
salt to one portion, while the other was made without salt. Five of the 
flasks gave positive growth, four were negative; and the line between 
the positive and the negative gave the first certain information in regard 
to the essential constituents of the medium. The agars with 1 : 10 meat- 
water (with one per cent, salt and with none) both gave positive results. 
The agars with 1 : 2 meat- water (with i^ per cent, salt and without salt) 
both gave positive results ; whereas the 1 : 2 meat-water with 1 per cent, 
salt and the two 1:1 meat- water agar flasks remained negative; indi- 
cating that an excess of meat extractives is injurious in some way and 
that 1 per cent, salt is unfavorable. The 1 : 10 meat-water agar was bet- 
ter than distilled water agar, giving a richer and more lasting growth, 
as is seen in the interesting fact that one of these 1 : 10 flasks was suc- 
cessfully transplanted after fifty-three days. 

Of the two agars without meat (with 1 per cent, salt and without salt) 
one gave a positive result and the other dried out. From the fact that 
the medium used in the latter case, two days later, gave a growth, it is 
likely that a positive result would have been obtained in this set, had 
not desiccation taken place. 

This experiment was repeated (trial ninety-nine), using a mouse as the 
source of the inoculation. Here again, five of the nine flasks gave good 
cultures, exactly confirming the previous set. The 1 : 10 meat-water 
agar gave the best cultures of the lot. 

In trial 101 two flasks were inoculated with the blood from a rat dead 
of the disease. The medium in these flasks was a blood-agar 2 : 1, the 
agar in one case containing 10 g., in the other 5 g. NaCl per liter. The 
latter gave a good culture, while the former was negative. This was 
another demonstration of the harmful effect of too much salt. 

Of the next thirteen trials, six gave positive results, and of these 
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it will be sufficient to consider only the more important ones. In trial 
108 the agar used contained various amounts of alkali, ranging from 5 
to 20 c. c. of N NaaCOj per liter ; a 2 per cent, glucose agar was also tried. 
The 10, 15 and 20 alkali flasks were positive, the 5 alkali and the 2 per 
cent, glucose agar failed. The agar was made with 1 : 2 meat extract in 
each case. 

Trial 111 gave the richest and best appearing first generation we 
have ever had. In this experiment a 1 : 8 meat-water agar was used. Of 
the two flasks inoculated, one had 10 c.c, the other 15 c.c. NagCOg per 
liter. Both gave most excellent cultures, the more alkaline appearing 
a little better. 

In the 114th trial, five different kinds of agar were used. A rabbit, 
just bled to death, was dressed, and its flesh, as well as crushed bones, 
were extracted by boiling with an equal amount of water. The filtered 
extract differed from the ordinary meat extract in that it contained a 
considerable amount of gelatin, sufficient to cause it to solidify at a 
low temperature. Some of this rabbit flesh extract (1:1), was con- 
verted directly into agar, one portion without and the other with 2 
per cent, pepton. In each case 15 c.c. N KagCOa and 5 g. NaCl per liter 
were added. Another portion of the extract was diluted to eight times 
its volume with distilled water and this 1 : 8 rabbit flesh extract was 
made into agar, with and without pepton, as indicated above, 10 c.c. 
N NagCOg and 5 g. salt per liter being added. In this experiment (114) 
four flasks, containing each one of these four varieties, and one flask of 
the regular 1 : 8 meat agar which served as a control, were inoculated 
with blood taken from the heart of an anaesthetized rat. The control 
and the rabbit agar 1 : 8 with pepton, showed positive growth on the 
twenty-sixth day; the others remained negative. 

From these few experiments it is possible to construct a working 
hypothesis somewhat as follows: We can say that Tr, hrucei requires 
for its isolation a blood agar, best in the ratio of 2:1, and that the 
nutrient agar employed must be of a certain composition permitting only 
a slight variation. Meat extractives may be present up to 1 : 2, i. e., the 
extractives of 100 g. beef in 200 c.c. of agar. First generations can be 
obtained . on blood-agar which contains no meat extractives, but the 
growth in that case is slow and never very rich. It may be said that a 
1 : 8 meat- water is about the optimum. About 2 per cent, of Witte's 
Pepton is distinctly favorable, as has already been worked out for Tr, 
leicisi. Common salt, not more than 5 g. per liter, is not harmful, and 
seems to produce better shaped organisms. The reaction is important 
and should be about 0.8 to 1 per cent. N acid to phenolphthalein, al- 
though a variation of 0.5 per cent in either direction is not necessarily 
fatal. The presence of gelatin is not desirable, as it tends to prevent 
the formation of the condensation fluid in which the trypanosome grows. 
Full 2 per cent, agar should be used so that the mixture with two vol- 
umes of blood, will solidify firmly. Erlenmeyer flasks having a capacity 
of about 50 c.c. are better than tubes, on account of the thinner layer 
of fluid over the agar surface and the consequent better aeration and 
perhaps better diffusion of waste products into the underlying solid 
medium. The flasks are best sealed with good rubber caps, and should 
be kept at a constant temperature of about 25° C. With the proper 
medium a growth is obtainable even when but very few trypanosomes 
are present in the original material. 
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The observations given thus far relate more partieulai*i.v to the isola- 
tion of the trypanosome from its natural habitat, the living animal; 
that is to say, the, isolation of the first generation. When we come to 
the consideration of sub-cultures and the serial transplantation, a slightly 
different medium is more serviceable. The change from the animal body 
to the artificial medium is diflScult and most trying, but after the 
trypanosome has once accommodated itself to, artificial conditions, it is 
much easier to keep it growing. A 1:2 meat- water agar is then most 
useful, the larger amount of extractives serving to stimulate more rapid 
growth. When 1:8 or 1 : 10 meat- water agar is employed, the growth 
i§ slower and not so rich, but on the other hand, the vitality and virulence 
are retained longer, as is seen in the fact that such cultures will kill 
animals even after two days' exposure to a temperature of 34°, which 
renders the ordinary cultures harmless. 

The question naturally occurs, why is the agar necessary? If the 
trypanosome grows in blood in the living body, why not in pure blood 
outside? It is a fact that blood which is extremely rich in trypanosomes, 
when drawn from the body, becomes at once unfavorable to them. The 
parasites begin to die almost at once and may all be dead in an hour or 
so, especially if, as is the case under a cover-glass, air is excluded. When 
kept in a test tube, the majority of the trypanosomes die rapidly, but a 
few hardy individuals persist for from two to six days. If, however, 
the blood is drawn f^om an animal when the parasites are relatively 
few, these few are not rapidly killed but gradually die out, as did the 
few survivors in the rich blood. When the richly infected blood is largely 
diluted at once after removal from the infected animal with sterile 
defibrinated blood, the life of all the trypanosomes is prolonged. 

These observations' would seem to indicate that the trypanosomes pro- 
duce substances which are extremely poisonous to themselves, and which 
would appear to be rapidly destroyed or eliminated from the blood by 
the organs of the living animal, thus permitting the enormous concen- 
tration of the protozoa in the blood. May we not suppose the agar to 
act in the same way, removing by diffusion into itself the unfavorable 
substances from the thin fluid layer above, while at the same time fur- 
nishing an abundance of new food material to the latter, and thus favor- 
ing a rich growth in this fluid? This view is supported by the apparent 
exhaustion of the medium in a flask. A small flask containing about 
30 c.c. of blood agar may have on its surface about I/2 c.c. of fluid, or 
l/60th of its volume. When this flask is inoculated with a large num- 
ber of trypanosomes from a previous culture, growth comes on rapidly, 
reaches its maximum in three to four days, degenerates and dies out in 
ten to twenty days. In a similar flask inoculated with a very small 
number of trypansomes, the growth may sho\v up first after ten or 
twelve days, reaches its maximum in sixteen to twenty days, and dies 
out in thirty to forty days. The growth stops and degeneration begins 
when the trypanosomes have exhausted the absorption capacity of the 
underlying agar. When we consider that it requires a volume of 30 c.c. 
of nutrient medium to give a good appreciable growth of Tr, hrucei 
where all the organisms are developed in a volume of % c.c, it is at 
once apparent that a pure liquid medium must be immensely better 
adapted and at the same time more exactly prepared in order to show 
any growth at all. In fact, to get a good culture in a simply liquid 
23 
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medium, we must construct a fluid more favorable to the trypanosome 
than the blood itself. 

In conclusion it is a pleasure to acknowledge the support received fop 
this investigation from the Board of Directors of the Rockefeller In- 
stitute for Medical Research. 
Ward J. MacNbal^ Ph.D., 

Fellow of the Rockefeller Institute for Medical Research, 
Hygienic Laboratory, University of Michigan, 
Ann Arbor. 
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ON THE CULTIVATION OF TRYPANOSOMA EVANSI. 

BY P. G. NOVY AND WARD J. MACNBAL. 

Inasmuch as this paper will appear in full in the "Journal of the Amer- 
ican Medical Association," it will be sufficient to give here a brief sum- 
mary only. 

By the term "Surra'' is meant a disease of cattle, horses, camels and 
other animals which prevails in India, and is said to exist in the Islands 
of the Indian and Pacific Oceans. The cause of this disease is a trypa- 
uosome discovered by Evans in 1880. Whereas in Africa there are known 
at the present time not less than six distinct trypanosomatic diseases 
it has been held that surra is but one disease and some have even main- 
tained that it is identical with the various African diseases in which 
these protozoa have been found. 

The paper approaches the question of the identity of the surra of the 
Philippines, with the nagana or tsetse-fly disease of South Africa. It 
is shown that the trypanosome present in the Philippine surra can be 
cultivated artificially, and that it can be obtained in an attenuated form. 
The cultural characteristics of this trypanosome differentiate it clearly 
from Tr. lewisi and Tr. hruceiy and the conclusion is therefore reached 
that the Philippine surra is a distinct disease from nagana, and con- 
firms that of Laveran and Mesnil, based on immunity experiments, as 
to the non-identity of the surra of Mauritius and nagana of S. Africa. 

It is further shown that the trypanosome present in the Mauritian 
surra presents marked differences from that found in the Philippine 
surra. The difference is such as to justify the belief that these are two 
distinct diseases and that the term surra as used at present includes 
a number of distinct affections which it may be possible to differentiate 
to some extent by the morphological characteristics of the trypanosomes 
present, but above all by the cultural properties of these organisms. 

F. G. NovY, Sc. D., M. D., 

Professor of Bacteriology, 
Hygienic Laboratory, University of Michigan, 
Ann Arbor. 

Ward J. MacNeal^ Ph.D., 

Fellow of the Rockefeller Institute for Medical Research, 
Hygienic Laboratory, University of Michigan, 
Ann Arbor. 
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ON THE FILTRATION OF TRYPANOSOMES. 



BY F. G. NOVY AND WARD J. MACNEAL. 

This paper will likewise appear in extenso elsewhere and for that 
reason only an abstract is here given. 

The presence in cultures of Tr, lewisi of actively motile, minute forms, 
ranging from two to five microns in length, suggested the possibility of 
passing the organism through a Berkefeld filter. Of nine experiments 
made with cultures of this organism three were positive, five were nega- 
tive, and one was uncertain since the control animal failed to develop 
an infection. Similar experiments with cultures of Tr. hrucei and with 
suspensions of the organs of animals infected with the latter gave nega- 
tive results. It would seem as if some "filterable" diseases may be due 
to organisms which themselves are so large as to be unable to traverse 
a filter, but which, under certain conditions, will give rise to a minute 
stage which will pass through. 
F. G. NovY, Sc. D., M.D., 

Professor of Bacteriology. 
Ward J. MacNeal^ Ph.D., 

Fellow of the Rockefeller Institute for Medical Research. 

Hygienic Laboratory, University of Michigan, 
Ann Arbor. 
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A NEW PHOSPHORESCING ORGANISM. 

H. N. TORRBY. 

The literature upon the subject of light-producing or phosphorescing 
bacteria includes about thirty organisms, nearly all of which are of sea 
origin and live in salt water. In inland phosphorescence the cause is 
more often found to belong to the moulds, rather than to bacteria. This 
is the case in the well-known fox or punk fire met with on old stumps 
and decaying roots. Considerable interest, therefore, is attached to the 
detection of phosphorescing bacteria which, with some degree of cer- 
tainty, can be said to be of inland origin. One, and only one, instance 
of this kind has come under observation in the Hygienic Laboratory, 
although more or less effort has been expended in searching for such 
organisms. 

In this case the phosphorescence was observed on some boiled pota- 
toes which had .been kept for some days in an ice-box. The material was 
brought to the laboratory by Dr. Gbmberg, and from it the organism 
under consideration was isolated by Dr. Novy, at whose suggestion I 
have undertaken the study of its chief characteristics. It may be stated 
that ther^ was no evidence of contamination from salt water fish or 
meat. Furthermore, the cultural and morphological characteristics 
served to differentiate it sharply from any of the known members of 
this group. 

The organism was somewhat pleomorphic, the same preparation show- 
ing bacilli which were four or five times as long as wide, and at the 
same time typical vibrios, which may be said to be the predominating 
type. They resembled to some extent the comma bacillus, but at no time 
were spirals found. Short threads, consisting of three and four cells, 
were common, and involution forms were also met with. 

The organism was not motile, but the Brownian movement was pro- 
nounced and was characterized by a peculiar whirling motion. 

It stained readily with the ordinary anilin dyes, but not by Gram's 
method. No spores were observed. 

The growth was moderately rapid, as is seen in the fact that the colo- 
nies on gelatin plates developed at room temperature for twelve hours, 
were visible under the low power of the microscope. 

The surface colonies were grayish and round, with regular outlines; 
comparatively small, measuring from one-half to one millimeter in diam- 
eter. The contents were finely granular, showing a dark center, which 
was surrounded by a lighter zone. The deep colonies were very small 
and round. In the early stage they were homogeneous in appearance, 
but later became somewhat granular. 

In gelatin stab cultures the growth was limited to the line of inocula- 
tion, while on the surface there was no tendency to spread. It con- 
sisted of very minute, isolated, rounded colonies, which were more abun- 
dant in the upper portion of the tube. 

The streak cultures, on inclined gelatin, were especially characteristic. 
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A thin, grayish, firmly adherent film or zoogle^ formed upon the surface. 
On account of the marked adherence of the growth to the medium it 
could be transferred only with difficulty. When the gelatin was melted, 
the growth floated as a more or less folded, tenacious film which could 
not be broken up by shaking. • 

Gelatin was not liquefied. Two i)er cent, glucose agar and 5 per 
cent, glycerin agar gave but little if any growth, whereas plain agar 
was very good. In the latter case the appearance of the growth was 
the same as that on gelatin. 

On plain potato no growth was obtained. No better results w^re 
secured when the potato in Roux tubes was moistened with alkali solu- 
tion of different strength, with or without the addition of salt. A slight 
growth and a faint phosphorescence were obtained upon potato which 
had been boiled in 5 per cent, sodium chloride solution. 

Bouillon cultures, in twenty-four hours, showed a faint, diffuse cloudi- 
ness with little or no tendency to form a deposit., 

The organism is aerobic. Notwithstanding numerous attempts to 
secure an aerobic culture the result was invariably negative. More 
over, it may be stated in this connection that the light production was 
dependent upon the free supply of air. When a phosphorescing culture 
was sealed, the light decreased and disappeared within forty-eight hours. 
If the sealed tube was subsequently opened, the phosphorescence re- 
turned even after the lapse of a week. 

With reference to the influence of temperature it may be said that at 
37° C. no growth coul^ be obtained. A fairly rapid growth and moderate 
light production was secured at 20° to 25° C, but the best development 
and the maximum phosphorescence occurred between 5° and 10° C. Even 
at 0° C. the organism grew slowly and produced some light. 

The composition of the medium, and more especially its reaction, was 
found to exert a marked influence upon light production. The fish ex- 
tract gelatin, ' containing asparagin, which is very serviceable for the 
phosphorescing bacteria obtained from sea water, did not give as good 
results as those given by the ordinary nutrient gelatin or agar. The 
latter was found to be preferable for producing phosphorescence. 

The organism would not grow upon acid or extremely alkaline media. 
The optimum reaction for the production of light was obtained when 
the medium was decidedly alkaline. In the case of agar the amount of 
alkali needed was relatively greater than when gelatin was used. The 
same is true of the addition of sodium chloride, though it may be said 
that this constituent is of secondary importance. 

Ordinarv^ nutrient agar containing twenty-five grams of sodiuln chlor- 
ide, and 28 to 35 c.c. of normal NaOH per liter, gave the best result. 
Almost equally good results were obtained with a nutrient gelatin con- 
taining twenty grams of salt and from 40 to 50 c.c. of normal NaOH per 
liter. 

In the preparation of the media, it was found advantageous to add at 
first just enough alkali to make the liquid neutral. The liquid was then 
boiled to coagulate the albuminous constituents, after which the re- 
mainder of the alkali was added, and upon short heating the liquid was 
filtered and placed in tubes or flasks. In this way the desired alkalinity 
was assured, whereas if the total amount of alkali was added in the be- 
ginning the result was not as satisfactory, owing to the alterations 
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which prolonged heating induced in the reaction of the medium. This 
effect was easily demonstrated by submitting gelatin and agar tubes, 
which had the optimum reaction and hence gave a marked phosphores- 
cence to repeated or prolonged heating. The tubes which were heated 
the most were found, on subsequent inoculation, to give the least light. 
In such cases, as a rule, the growth was nearly as abundant as in the 
tubes which had not been overheated; the only difference being in the 
amount of light produced. When, however, the medium was submitted to 
excessive heating, the resulting alteration was such as to inhibit entirely 
the growth of the organism. 

The sterilization of the gelatin was effected by steaming for twenty 
minutes on each of three consecutive days. The agar was sterilized in 
like manner for thirty minutes. The use of the autoclave was avoided, 
owing to the risk of overheating the media. 

In some experiments different amounts of magnesium sulphate, with 
and without sodium chloride, were added, but no appreciable effect was 
observed. The same was true of the use of asparagin. 

The phosphorescence of the cultures, especially when the medium pos- 
sessed optimum reaction, was found to persist for many days, and at 
times even lasted a month, although a gradual decrease in the intensity 
of the light was observable. In the dark room the light was a delicate 
bluish green, while in the presence of diffuse or artificial light, the 
cultures showed an indigo blue appearance. The intensity of the light, 
especially when large tubes or Roux flasks were used, was such as to 
enable one with ease to read the time on a watch. Good photographs 
were obtained of such cultures in the dark room by exposing them be- 
fore the camera for one hour. 

The phenomenon of phosphorescence resembled in many respects that 
of pigment production. Thus the presence of air, a low temperature, 
an alkaline reaction and darkness were favorable conditions as has 
already been noted. 

H. N. TORREY, B. S., 

Assistant in Bacteriology. 

From the Hygienic Laboratory, University of Michigan, 

Ann Arbor. 
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A STATISTICAL STUDY OF CONJUGATION IN PARAMECIUM. 

RAYMOND PEARL AND MARY J. BURR. 

(Abstract.) 

Professor Karl Pearson and his associates have demonstrated that 
there exists in man a significant and measurable degree of assortative 
mating. This assortative mating is of two kinds, (a) preferential mat- 
ing, and (b) homogamy. In homogamy there is a tendency for a class 
of males having a given character to unite with a class of females of a 
generally like character. This results in a positive correlation between 
the members of mated pairs with reference to the character under 
consideration. 

From his family measurement data Pearson* has found the following 
values for the coefficients of correlation measuring homogamy in man. 
These values measure the degree of correlation between husband and 
wife with respect to the characters enumerated. 

Stature 2804 ) 

Span 1989 [ 1.000 pairs. 

Left fore arm . 1977 ) 

Mean 2257 

With reference to the character "duration of life" co-operative workf 
in Pearson's laboratory at University College has shown that the mean 
correlation between husband and wife is .2233. In general the intensity 
of homogamy in man, so far as it has been investigated, may be con- 
sidered to be fairly represented by a coefficient of correlation of from 
.22 to .23. This tendency of like to mate with like may be du6 either to 
"real conscious or unconscious assortative mating in man'- or to indi- 
viduals mating within local sub-races where, on account of the similarity 
of the environmental effects upon all individuals, there is little differ- 
entiation. If it be due to this latter cause, random mating would, of 
course, give a coefficient of correlation of approximately the same magni- 
tude as that actually observed. That there is real assortative mating 
with reference to the character "duration of life'' was demonstrated by 
observing that when male and female records were paired together at 
random the resulting coefficient of correlation differed from zero by less 
than half its probable error. Since, then, the observed positive correla- 
tion between husband and wife is not a mere chance riesult, the assorta- 
tive mating thus demonstrated must be due either to conscious choice 
or to some unknown non-conscious factor. 

The present work was undertaken with the view of determining whether 
there is any tendency toward homogamic pairing in an organism where 
conscious choice can presumably play no part, and where we have the 

•Blometrlka, VoL ir, p. 873. 
tBiometrika, Vol. II, p. 481-498. 
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simplest prototype of sexual mating, namely the process of conjugation. 
The form chosen for study was the common ciliate infusorian, Parame- 
cium caudatum. The length and breadth of e^ch individual in 200 conju- 
gating pairs of Paramecia were measured. Correlation tables were then 
formed relating given characters in the two individuals of the pair. From 
these tables the correlation coefficients were deducted by well known 
statistical methods. The values of some of the coefficients determined are 
exhibited in the following table : 

Coe£Qcient of 
Character studied. correlation. 

Length of the conjugating individuals . 5514 ± .0337 

Breadth of the conjusfatingr individuals 2959 ± .0435 

Length of first* and breadth of second individual. , 1717 ± .0465 

Length of second and breadth of first individual 1606 ± .0465 

It is seen at once that in the case of direct correlations (length with 
length, breadth with breadth) the values here are higher than those of 
the corresponding coefficients in the case of man. This difference is 
especially marked in the case of the character "length" where we have in 
Paramecium roughly twice as close a degree of "homogamy" as is found 
in man. 

Before we can attach any significance to these results, it is, of course, 
necessary to determine whether the* relatively high correlations observed 
are not spurious and arise merely because all of the Paramecia in a given 
culture are presumably of very nearly the small size. If this were the case, 
random pairing ought to give sensibly as high values for the correla- 
tion coefficients as those actually observed, because oh this view the 
conjugation is random, and in the long run one random pairing is the 
same as another. To test this matter, the individual record cards were 
shuffled together and drawn out in pairs entirely at random. The coeffi- 
cient of correlation between the lengtl;is of such fortuitously mated indi- 
viduals proved to be .0223 ± .0471, or, in other words, there was no sensible 
correlation between the members of random pairs. 

It is impossible in the space of a brief abstract to discuss fully the 
precautions taken in the wfivk to guard against possible sources of error, 
both in fact and in interpretation, but we believe that our complete re- 
sults justify the conclusion that there is a "real assortative mating'' in 
the conjugation of Paramecium. Furthermore, this tendency of like to 
pair with like is more marked in Paramecium than in man. In the com- 
plete paper the factors to which this is probably due will be discussed. 

(A complete account of this work, together with the statistical data, 
will be published in another place.) 
Raymond Pearl^ Ph. D., Instructor in Zoology, 

Mary J. Burr^ 

Zoological Laboratory, University of Michigan, 
Ann Arbor. 

**' First" and "second" here refer to the individuals in a pair which happened to be measured 
first and second respectively. 
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METHODS USED IN CULTIVATING PURE STRAINS OF 

PARAMOECIUM. 

PRANCES J. DUNBAR. 

In some experiments which are being carried on in this laboratory, 
by the writer, it was necessary to obtain a pure strain of Paramoecium 
from a single ancestor, with the individuals in numbers such that from 
600 to 800 could be had for each of a considerable number of experi- 
ments. It was, therefore, necessary to place isolated individuals in 
the environment most conducive to rapid and continued division. 

At the outstart of the work individual Paramoecia were isolated in 
a hay infusion made according to the following formula : Thirty grams 
of hay were heated to 90° C. in one liter of water. The mixture was 
allowed to cool slowly, and then was strained through cheese-cloth. 
In making the hay infusion distilled water was used. 

The cultures thus started promised well for a time, but just as the 
numbers of individuals became suflScient so that one could begin to think 
of setting up an experiment the cultures invariably began to show 
signs of deterioration, and in a day or so every individual would be 
dead. It seemed probable from the appearance of the cultures that 
the Paramoecia died of starvation ; the medium appearing to be in some 
way unsuited to the continued growth of bacteria. Gelatin was laid 
upon the surface of the hay infusion with no markedly beneficial effect. 

Upon setting up cultures in some of which the hay infusion had 
been made slightly alkaline, and in some of which it had been made 
slightly acid, it was found that the individuals in the alkaline solution 
died within a few hours, while those in the acid solution flourished well 
for a time, but still did not persist long enough to attain to numbers 
suflScient for our purpose. At last it was thought that the lack of 
inorganic salts in the distilled water might inhibit the continued growth 
of bacteria; and cultures were set up in hay infusion which had been 
diluted about one-half with tap-water, which had passed through a clay 
filter, supposed to be bacteria proof. At the same time, following a 
suggestion of Prof. A. W. Greely, a small pellet of fresh wheat bread 
was added to each culture. In this medium our Paramoecia flourished 
as the green bay tree, so that soon in 5 c.c. of the liquid 293 individuals 
were counted, as compared with fifty-six in 5 c.c. of the media tried 
before. 

The tap- water (filtered to prevent a possible contamination of the 
pure culture with individuals contained in it) provided the organic salts 
necessary to the continued growth of bacteria; while, according to the 
theory of Prof. Greeley, the yeast-spores in the bread, grown active in 
the stimulating medium, provided a very minute but favorable amount 
of acid in the shape of CO2. 

In the carrying on of the experiments for which these Paramoecia 
were desired it was found that the rate of division was markedly in- 
creased in those experiments set up in from an N/100 to an N/300 sugar 
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solution. From this fact it might be inferred that certain osmotic pres- 
sures are more favorable than others to rapid division in Paramoecia, 
and that in the medium composed of hay infusion and tap-water, these 
favorable osmotic conditions are more nearly approached than in the undi- 
luted infusion, made with distilled water. 

The practical finding of our experience, then, is that the medium 
most favorable for cultivating pure strains of Paramoecium in large 
numbers is composed of standard hay infusion diluted one-half with 
filtered tap- water; to which mixture is added a small quantity of fresh, 
wheat bread. 
Frances J. Dunbar, 

Zoological Laboratory, University of Michigan, 

Ann Airbor. , 



ON THE VARIATION IN THE JAW OF SUCCINEA OVALIS. 

BRYANT WALKER. 

(Abstract.) 

The simple form of the shell in the genus Succinea, and the great 
amount of variation in shape exhibited in many of the species, render it 
extremely diflScult to draw specific lines clearly between the forms 
which have been described as distinct. It is therefore desirable to ascer- 
tain whether the animals afford any reliable specific characters in their 
anatomical peculiarities. 

This paper gives the result of work undertaken for that purpose, which 
is yet incomplete, and deals only with the variation in the jaw of a 
single species. 

The material examined consisted of thirty specimens from eight locali- 
ties in four states, viz : Michigan, 4 ; Indiana, 2 ; Illinois, 1, and North 
Carolina, 1. 

The special feature of the jaw in this species, which has been men- 
tioned by previous authors, is a variable number of prominent trans- 
verse ribs, which denticulate the cutting edge of the jaw. 

This was found to exist to a greater or less extent, in all the speci- 
mens examined. But the variation in number, size and position of these 
ribs, was very great. Not only were no two of the jaws alike, but not 
in a single jaw was the number or position of the ribs on both sides of 
the central projection, which was uniformly present, the same. There 
was, however, a great similarity in the jaws from each locality, in color 
and thickness. 

The result to be deduced from the limited amount of material exr 
amined, is that in this species, no reliable specific character can be 
found in the number and position of the ribs. 
Bryant Walker, 

Detroit, Mich. 
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NOTES ON THE ]VIOLLUSCS, REPTILES AND AMPHIBIANS OF 

ONTONAGON COUNTY, MICHIGAN.* 

I ■ 

A. G. RUTHVBN. 

The collections, upon which this report is based, were made by the 
writer in the Porcupine mountains during the month of September, 
1903, for Mr. Bryant Walker. The collections from the vicinity of Lake 
Gogebic were made by Mr. Walker in the summer of 1902. As far as we 
know, no collecting had been done in Ontonagon county prior to 1902. 
The collections made do not, of course, represent fully the fauna of this 
region, as the time spent in the field was limited, but they add to our 
knowledge of the distribution of the species listed. 

The Porcupine mountains are situated in the western part of Onto- 
nagon county in the northwestern part of the Upper Peninsula of Michi- 
gan. From the south shore of Lake Superior, they rise 1,400 feet above 
the level of the lake by a series of terraces which mark old lake beaches. 
Owing to the close proximity of the mountains to the lake, the streams, ^ 
which have their origin on the north side of the mountains, have each 
cut out their own channel down to the lake. Only those which head 
on the farther slope unite to form the larger rivers, which are compelled 
to flow around the mountains to find an. outlet. As the streams have 
their origin in mountain springs, their waters are clear and cold, and 
their currents swift. They have cut deep gorges in the sandstone through 
which they rush, leaving many little eddy pools among the projecting 
outcrops on either side. Their beds consist almost entirely of solid sand- 
stone, over which they flow except at their mouths where the currents 
become sluggish and where silt is deposited forming a bottom of mud and 
debris. The sluggishness of the rivers in the lower portions is due to the 
formation of beaches across their mouths. These acting as dams, cause 
the water of each stream to spread out into a small lake or pond. On 
the edges of these ponds, the typical pond conditions are reproduced, as 
is shown by the rushes and sedges, and a fauna of dragon fly larvae and 
tadpoles. This gives rise to a curious mixture of pond and river condi- 
tions, and a consequent intermingling of the faunas characteristic of such 
habitats. 

Lake Gogebic lies to the south of the Porcupine mountains. The 
southern boundary of Ontonagon county cuts it into approximately equal 
halves. It is about fifteen miles long by a mile and a half wide. It 
receives the waters of several streams, and is drained by the west branch 
of the Ontonagon river. No attempt was made to sort the collections from 
this vicinity. They are listed together as from Lake Gogebic. 

The forest about the Porcupine mountains consists chiefly of hard- 
woods ^nd hemlocks, with an abundance of ferns in the moist places. 
The loam about the roots of these ferns was found to be the most fav- 
orable collecting ground for terrestrial molluscs, although many were 

* Contributions from the Zoological Laboratory of the University of Michigan, No. 85. 
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found among the moist leaves in wet places. A few were also found in 
decayed logs. 

The river And creek shells were found, most abundantly, in the pools 
at the sides of the streams, but Limnaea desidiosa occurs in the swift 
water on the very brink of the falls in Union creek. Here it may be 
found buried in and protected by the moss in a current so swift as to 
carry it quickly over the falls when loosened. Limnaea decollata was 
found only in Union river, although a careful search was made for 
it in the other rivers. It occurs ,here, however, in great abundance 
chiefly in pools and along the sides of the stream where it may be found 
clinging tightly to the bare sandstone rocks and often in a current so 
swift as to carry it rapidly down stream when its hold is disturbed. 

That, but few reptiles and amphibians were taken, is due probably to 
the latitude, the lateness of the season, and the little time devoted to 
them. Eutaenia sirtalis sirtalis was quite common, and like the more 
southern members of the species was often seen along the lake shores. 
The single specimen of Storeria occipitomaculata obtained was taken 
in a dry sunny clearing in the woods on section 27, 51-42. In almost 
any rotten log, one might find specimens ,of Plethodon cinereus. Four 
were collected, three yellow and one red striped one. Among the 
Batrachians, Rana cateshiana, pipiens and palustris were found in 
abundance in Carp Lake, but nowhere else in numbers. The most nota- 
ble fact observed about the amphibians of this region was the great 
numbers of the little wood frog Rana sylvatica, which was found almost 
everywhere in the woods about the springs. 

The localities in which the collections were made are as follows: — 

Carp Lake. — All along the north shore, east and west ends. 

Carp River. — ^From Carp Lake about a half a mile up stream. 

Union River. — From its source in Union spring on section 20, 5143, 
to its mouth. 

Union Spring. — Situated on section 20, 51-43, collections were made 
about its edges. 

Cuyahaga Creek. — From about the middle of section 13, 51-43, to its 
mouth. 

Mud Creek (Little Union River). — From its mouth about a mile up 
stream. 

Little Iron River. — From its mouth about three miles up stream, and 
at the Nonesuch mine on section 1, 51-43. 

Union Creek. — Fronj where the road crosses on section 27, 51-42, to 
its junction with the Union river. 

First creek west of Little Iron River. — From its mouth about two 
miles up stream. 

The several small creeks which were worked are those on section 15, 
51-42. The land snails from this region are not listed according to 
localities, but are recorded simply as being from the Porcupine moun- 
tains. Specinrens of all that are listed, however, were found in town- 
ship 51-42, and it is here that nearly all the land snails were collected. 
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LIST OP MOLLUSCS. 

1. Polygyra alboldbris (Say). Porcupine mountains and Lake Gogebic. 

2. Polygyra monodon var. fraterna (Say). Porcupine mountains and LAke 
Crogebic. 

3. Strohilops Virgo (Pils.) Porcupine mountains and Lake Gogebic. 

4. Bifidaria contracta Say. Lake Gogebic. 

5. Bifidaria curvidens Gld. Porcupine mountains. 

6. Vertigo ovata Say. Lake Gogebic. 

7. Vertigo species (?). Porcupine mountains. 

8. Cochlicopa lubrica (Miill.). Porcupine mountains. 

9. Vitrina limpida Gld. Porcupine mountains. 

10. Vitrea hinneyana (Mse.). Porcupine mountains and Lake Gogebic. 

11. Vitrea ferrea (Mse.). Porcupine mountains and Lake Gogebic. 

12. Vitrea hammonis (Strom.). Porcupine mountains and Lake CrOgebic. 

13. Vitrea indentata (Say). Porcupine mountains. 

14. Vitrea multidentata (Say). Porcupine mountains. 

15. Euconulus chersinus var. polygyratus (Pils.). Porcupine mountains and Lake 
Gogebic. 

16. Euconulus fulvus (Dr.). Porcupine mountains and Lake Gogebic. 

17. Zonitoides arboreus (Say). Porcupine mountains and Lake Gogebic. 

18. Zonitoides exiguus \^t\m^.) . Porcupine mountains and Lake Gogebic. 

19. Zonitoides. milium (Mse.). Porcupine mountains and Lake Gogebic. 

20. Zonitoides nitidus (Miill.). Lake Gogebic. 

21. Agriolimax campestris (Binn.). Porcupine mountains. 

22. Philomycus dorsalis (Binn.). Porcupine mountains. Has never before 
been recorded from Michigan. 

23. Pyramidula alternata (Say). Porcupine mountains and Lake Gogebic. 

24. Pyramidula striatella var. catskillensis Pils. Porcupine mountains and 
Lake Gogebic. 

25. Helicodiscus lineatus (Say). Porcupine mountains and Lake Gogebic. 

26. Punctum pygmaeum (i)r.). Porcupine mountains and Lake Gogebic. 

27. Sphyradium edentulum (Dr.). Porcupine mountains. 

28. Succinea avara Say. Lake Gogebic. 

29. Succinea retusa Lea. . Carp Lake, Lake Gogebic and Little Iron river. 

30. Carychium exigiuum Say. Porcupine mountain^. 

31. Carychium exile H. C. Lea. Porcupine mountains and Lake Gogebic. 

32. Limnaea decollata (Say). Union river. 

33. Limnaea desidiosa (Say). Head waters of Union river, Union spring, 
Union creek, Little Iron river and several small creeks. 

34. Limnaea lanceata Gld. Lake Gogebic. 

35. Limnaea species (?). First creek west of Little Iron river. Iron river. Head 
waters of Union river, Cayahaga creek. Lake Gogebic. 

36. Physa gyrina (Say). Union river. 

37. Physa heterostropha (Say). Carp lake. 

38. Physa integra (Hald.). Head waters of Union river and Little Iron river. 

39. Physa sayii var. warreniana (Lea.). First creek west of Little Iron river. 
Little Iron river. Union creek and^Mud creek. 

40. Physa species (?). Head waters of Union river, 'Cayahaga creek and Lake 
Gogebic. 

41. Aplexa hypnorum (L.). Lake Gogebic. 

42. Planorbis hirsutus (Gld.). Carp lake and Lake Gogebic. 

43i Planorbis bicarinatus (Say). Union river. Lake Gogebic and Little Iron 
river. 

44. Planorbis campanulatus (Say). Carp lake and Lake Gogebic. 

45. Planorbis exacutus (Say). Lake Gogebic. 

46. Planorbis parvus (Say). Carp lake. First creek west of Little Iron river, 
Union river, Cayahaga creek, Mud creek, Little Iron river, Union creek and other 
small creeks and Lake Gogebic. 

47. Segmentina armigera (Say). Lake Gogebic. 

48. Ancylus parallelus (Hald.). Carp river and Lake Gogebic. 

49. Valvata tricarinata (Say). Union river. 

50. Campeloma milesii (Lea). Lake Gogebic. 

51. Amnicola limosa (Say). Union river and Lake Gogebic. 
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52. Amnicola lustrica (Pils.). Carp lake. 

53. Anodonta grandis var. footiana (Lea). Lake Gogebic. 

54. Anodonta marginata (Say). Carp lake and Lake Gogebic. 

55. Sphderium ocddentale (Prime). Lake Gogebic and Little Iron river. 

56. Sphaerium rhomboideum (Say). Union river. 

57. Sphaerium simile (Say). Union river. 

58. Calyculina ryckhaltii (Norm.). Lake Gogebic. 

59. Calyculina securis var. crocea (Lewis). Lake Gogebic. 

60. Pisidium affine (Sterki). Union spring. 

61. Pisidium compressum (Prime). Union river and Lake Gogebic. 

62. Pisidium imhecili (Sterki). Union spring. 

63. Pisidium pauperculum (Sterki). Lake Gogebic. 

64. Pisidium punctatum (Sterki). Lake Gogebic. 

65. Pisidium roperi (Sterki). Lake Gogebic. 

66. Pisidium splendidulum (Sterki). Union river. 

67. Pisidium variabile (Prime). Carp lake, Carp river, Union river and Lake 
Gogebic. • 

68. Pisidium virgincum (Bgt.) Lake Gogebic. 

69. Pisidium species (?). Union spring. 

70. Pisidium species (?). First creek west of Little li'on river, Union river, 
Cayahaga creek. Mud creek. Lake Gogebic, Little Iron river and several small 
creeks. 

71. Pisidium species (?). Carp lake. Union river, Lake Gogebic and Little 
Iron river. 



LIST OP AMPHIBIANS. 

1. Rana sylvatica (Leconte). Wood frog. Common in the woods about springs. 

2. Rana catesbiana (Shaw). Bull frog. Old and Young specimens taken in 
Carp lake in numbers. 

3. Bufo lentiginosus americanus (Lee). Common toad. Often found in sunny 
clearings. 

4. Rana pipiens (Gmel.). Leopard frog. A single specimen taken in Carp lake. 

5. Rana palustris (Le Conte) . Pickerel frog. Several specimens with the char- 
acteristics of this frog were taken in Carp lake. 

6. Plethodon cinereus erythronotus (Green). Common in decayed logs. 

7. Hyla pickeringii (Storer). Piping tree frog. A single specimen found in 
dry woods. 



LIST OF REPTILES. 

1. Eutaenia sirtalis sirtalis (Linnaeus). Common garter snake. Two speci- 
mens taken on the shore Of Carp lake. Quite common in dry, sunny places in the 
woods. 

2. Storeria occipitomaculata (Storer). Red bellied snake. A single specimen 
found in a dry, sunny place in the woods a mile south of Union clearing. 

3. Chrysemys marginata (Agassiz). Painted tortoise. A few specimens seen 
and one taken on Carp river just as it enters the lake. 

Ontonagon county marks, in this part of Michigan, the northern 
limit of Cope's Alleghenian district based on the distribution of Rep- 
tiles and Batrachians. This district, according to Cope, is character- 
ized by having no species peculiar to it. This conclusion is borne out 
by the above list, because all the forms collected range both north into tie 
Canadian and south into the Carolinian districts, with the exception 
of Hyla pickeHngii and Chrysemys marginata, which do not extend 
north of Lake Superior. They both, however, extend south into the 
Carolinian. 

In all the rivers of this region, with the exception of the Union, the 
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smaller brook and creek types of molluscs, such as the Physas and 
smaller Limnaeas, persist, as the rivers are followed down stream, 
although in fewer numbers. This, however, is not the case in the Union 
river. For as this river is followed down, the smaller brook and creek 
forms give way to the large Limnaea decollata. The number of indi- 
viduals of all species of molluscs is also much greater in this river 
than in the others, both in the head waters and farther down stream. 
These differences in the fauna are probably due to the differences in 
the rocks over which the rivers flow ; for the rivers seem to differ in no 
other way and all empty within a few miles of ,each other% With the 
exception of the Union, the rivers of this region flow through sand- 
stone and shale, rocks containing practically no lime. These streams are 
therefore, poor in individuals and unable to support the larger river snails, 
which require a large amount of lime in the constructioi? of their heavy 
shells. Union river, on the other hand, drains, on the east, a ridge com- 
posed of melaphyre lying between two beds of sandstone. Melaphyre 
is an eruptive rock which contains a large amount of lime and con- 
sequently Union river probably contains much more lime than the other 
streams explored. A fact which is borne out by the larger number of 
individuals found here and by the presence of Limnaea decollata in such 
abundance. 

Mr. Walker, in a letter, commenting on the molluscs of this region 
says : "The fauna of Ontonagon county is very similar to that of Mar- 
quette county around Huron mountain, but the list is not so large ow- 
ing to the fact that Huron mountain has been more thoroughly worked. 
The fauna is essentially a northern one. The county not being far 
enough west to be affected by the upper curve of the Transition Zone 
which, according to Merriam, touches the southwestern extremity of 
Lake Superior. Just where this line is to be drawn, however, is, I im- 
agine, a very dubious question." 

I am under special obligations to Mr. Bryant Walker, at whose ex- 
pense these collections were made, for the privilege of reporting on the 
shells and for their names. My thanks are also due to Dr. A. C. Lane, 
State Geologist of Michigan, who extended to me the hospitality of the 
camp of the State Geological Survey party, and to Dr. F. E. Wright 
and the other members of the party for their courtesy and assistance in 
the field. 

I am also indebted to Mr. Chas. C. Adams, Curator of the Museum at 
the University of Michigan, for assistance in the prosecution of the work 
and in the preparation of this paper for publication. 

The shells collected are in Mr. Walker's collection at Detroit, and the 
reptiles and Amphibians are in the University Museum at the University 
of Michigan. 

A. G. RUTHVBN^ 

University Museum, University of Michigan, 
Ann Arbor. 
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CATALOGUE OF MICHIGAN FISH. 

ELLIS L. MICHAEL. 

(Abstmct.) 

Previous to the work of the writer but three lists of the fishes inhabit- 
ing Michigan waters had been published. The first by Cope, published in 
the Proc. Ac. Nat. Sci., Philadelphia, 1864-5, recorded sixty-three species ; 
the second, by Charles H. Bollman, published in the Bull. U. S. F. C, 
1888, recorded fifty-three species; the third, by Philip H. Kirsch, pub- 
lished in the Bull. U. S. F. C, 1893, recorded fifty-two species. In the 
present paper, through an extensive compilation of all known and avail- 
able records, the writer has been enabled to extend the number of Michi- 
gan fish to 126 species. These species are distributed among twenty-four 
families, as follows: Cyprinidae, thirty-five; Siluridae and Catostomi- 
dae, nineteen; Percidae, eighteen; Salmonidae, fourteen; Centrarchidae, 
ten; Cottidae, five; Lucidae and Poecilidae, each three; Petromyzontidae, 
Lepisostidae and Gasterostidae, each two; Acipenseridae, Amiidae, An- 
guillidae, Hiodontidae, Dorosomatidae, Thymallidae, Umbridae, Percop- 
sidae, Aphredoderidae, Atherinidae, Serranidae, Sciaenidae, and Gadidae, 
each one. The paper is presented in catalogue form, modeled after Jor- 
dan and Evermann's "Check List." The nomenclature is that of Jordan 
and Evermann's "Fishes of North and Middle America," and the data 
is so arranged as to show the bibliography, locality and synomony of 
each species in addition to the general distribution. In addition to the 
actual catalogue the writer has embodied a hypothetical list, and a table 
of Michigan fish found in the National Museum. The main theoretical 
import of the paper lies in the nature of the geographical distribution 
revealed. Nbtwithstanding the fact of Great Lake drainage, Michigan 
fish, with few exceptions, are characteristic of Mississippi valley drainage. 

The paper in full will appear in the Report of the Michigan Fish Com- 
mission for June, 1904. 
Ellis L. Michael^ 

Zoological Laboratory, University of Michigan, 
Ann Arbor. 
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A MICHIGAN BIOLOGICAL SURVEY. 

H. L. CLARK. 

(Abstract.) 

The need of a biological survey, which will show the present distribu-- 
tion of the plants and animals of the State, is sorely needed, as a basis 
for further work in both botany and zoology. The Zoological Section of 
the Academy should appoint a committee to ascertain what has been 
done and what can be done at once, and to lay plans for the future, to- 
ward the completion of a complete and accurate catalogue of the fauna 
of Michigan. 

SNAKE NOTES. 

(Abstract.) 

During the spring of 11)03, half a dozen specimens of the short-mouthed 
snake {Eutaima hrachystomay Cope) were collected about Olivet. As they 
are the first specimens to be reported since the type taken in Pennsyl- 
vania was described, a full account of them was published in the Proc. 
Biol. Soc.y Washington, June, 1903. (Two of the Olivet specimens were 
then exhibited.) 

One of the largest of our North American snakes is the Bull Snake 
{Pityophis sayi) which occurs in the western half of the Mississippi 
valley and is said to reach a length of seventy-five inches. It is very use-. 
ful in the destruction of small rodents. (Two specimens, eighty-five in- 
che** long, from Oklahoma, were then exhibited. They were quite as 
noticeable for their gentleness and cleanliness as for their size, and were 
freely handled by the speaker and many persons in the audience.) 

THE VARIABILITY OF SNAKES. 

(Abstract.) 

This investigation was undertaken to determine the differences between 
the sexes and between adults and young in the common Michigan snakes; 
to determine what characters are most variable, and which sex is the 
most variable; and to decide how great the variability is. 

As the work is still in progress, no positive results can yet be given, 
but there seems to be evidence to show that in the Natricine snakes 
(water-snakes) the female is larger than the male and has a shorter tail, 
fewer urosteges and perhaps fewer gastrosteges. Only a comparatively 
small number of Colubrine snakes were examined, but in them the males 
are apparently larger and the sexes are not otherwise notably different. 
Adult snakes have shorter heads than the young. Male snakes apparently 
vary more often, but females vary to a much greater extent. Over 900 
snakes have been examined in twenty-three particulars. 
H. L. Clark^ Ph. D., Professor of Biology, 
Olivet College, Olivet, Mich. 
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THE ANTIQUITY OF THE ZOANTHID ACTINIANS. 

J. E. DUEUDEN. 

The zoaiilliids are a distiDct group of actinians found in plenty only 
in the warm tropical seas, where they are often an important constituent 
of the luxuriant life of the shallower parts of coral-reefs. They are sep- 
arated from the two other groups of the Actiniaria — ordinary actinians 
and cerianthids — chiefly by their method of increase in number of the 
mesenteries beyond the primary six pairs. In the Zoantheae the new 
mesenteries arise as bilateral pairs at only two regions of the polyp^ one 
on each side of the ventral directives or axial pair of mesenteries ; in the 
Actiniae, as here restricted, new mesenteries are added in couples within 
all the six primary interspaces; in the Ceriantheae additional mesen- 
teries arise at only one region of the polyp, which is axial. In addition 
to this fundamental distinction the mesenteries in the zoanthids form 
only a single cycle, and are disposed in couples, of which one moiety is 
large (macrocnemes) while the other is small (microcnemes) ; further, 
the tentacles are arranged in only two cycles, an inner and an outer ; the 
polyps frequently give rise by budding to incrusting colonies; a skeleton 
is generally formed by the inclusion of foreign particles (sand-grains, 
foraminifera, sponge-spicules, etc.) within the wall; and the stomodaeum 
is provided with only a single stomodaeal groove or siphonoglyph. 

The adventitious skeleton of the zoanthids is constituted of 'separate 
particles, and disappears as such when the polyp dies and its soft tissues 
decay. Consequently there is the greatest improbability that any evi- 
dence of the group will ever be found in the rocks, any more than in the 
case of the altogether soft-bodied sea-anemones. Indeed, as regards the 
Actiniaria as a whole, it is very unlikely that we shall ever be able to 
determine their geological antiquity in a direct manner, that is, by find- 
ing their actual remains or impressions in the rocks. Indirectly, how- 
ever, we seem to have good grounds for certain conclusions regarding 
their past history. 

As regards ordinary soft-bodied actinians we have very close repre- 
sensatives in modern polycyclic hexameral corals. An extended study 
of the polyps of a large number of species of both groups proves that 
between the skeletonless actinians and the coral forming polyps there 
are no morphological differences of any importance, except such as con- 
cern the formation of the skeleton ; as regards the development and Ma- 
ture of the mesenteries and tentacles the polyps show no divergence. 
Actinians and hexameral corals have undoubtedly sprung from a com- 
mon stock; we are justified in regarding them as members of a single 
group, in the one case provided with a limy skeleton and in the other 
case devoid of such. 

From such a close relationship we seem warranted in concluding that 
whatever be the geological antiquity of the hexameral corals the hex- 
actinians will have a like ancestry; skeletonless species have probably 
always existed alongside of coral-producing forms and would be the first 
to appear. 
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With regard to the distribution in time of the Hexacoralla, Zittel, in 
his Text-Book of Palaeontology (Eng. Ed., page 96), states: '*The group 
Aporosa of the Hexacoralla appears to have originated from the Tetra- 
coralla, and to form the direct continuation of their line. They begin as 
the latter disappear; they develop a great variety of forms in the Trias, 
and from the Mesozoic down to the present day they have continued to 
play a heading part in the construction of coral-reefs. . . . The Per- 
forata constitute a well-defined branch of the Hexacoralla, whose ances- 
try may perhaps be sought in the remarkable Archaeocyathidae of the 
Cambrian. The Eupsammidae and Poritidae occur sporadically in the 
Silurian and Carboniferous, while it is not until the Trias that the Tham- 
nastraeidae and Poritidae develop a large variety of forms; from the 
Trias to the Tertiary, however, these genera continue to be important reef- 
builders." 

As would be expected there is much uncertainty concerning the true 
character and relations of many of the earliest corals. This is especially so 
as regards the relationships of the Hexacoralla to the Tetracoralla. 
According to my researches the two groups are each characterized by six 
equal septa separated by six interseptal chambers during their primary 
(protoseplal) stage, but beyond this they diverge. Independently of 
this, however, what seem to be true hexacorallids are found among the 
earliest faunae known to us, perhaps in the Cambrian, but more cer- 
tainly in the Silurian. If these ancient corals be true Hexacoralla their 
polyps in all essential morphological characters must have resembled 
the coral polyps of to-day, whether they belong to the perforate or im- 
perforate group. Hexacoralla have been shown to be but skeleton-produc- 
ing actinians, hence we may with good reason conclude that coral-form- 
ing and skeletonless hexactinians have lived together side by side since 
early Palaeozoic times. Further, the skeleton-producing forms must have 
iiad soft-bodied ancestors. 

So far as fundamental polypal characteristics are concerned living 
Madreporaria, notwithstanding their geological antiquity, are really a . 
very homogeneous group; variation and complexity have resulted from 
the. modification of parts which are of small morphological value, namely 
the skeleton-producing tissues. To the predominance of asexual growth 
by budding and fission is largely due the great diversity of form of 
corals as we know them to-day. Soft-bodied actinians on the other hand 
present a greater variety of polypal modifications. Some, like RhodactiSy 
Ricordea, and Corynactis suggest the actual colonial types from which 
corals may have arisen, or possibly they are forms which have relin- 
quished the skeleton-producing habit. 

A similar line of argument can now be applied to the zoanthid actin- 
ians, though here the conditions are not quite so conclusive. If we find 
corals whose structure and septal plan suggest that they were formed by 
polyps similar to those of zoanthids we have good grounds for assuming 
that the skeletonless zoanthids have an ancestry like that of the corals. 

No living corals, so far as known, have a method of addition of mes- 
enteries and se])ta which at all suggests the manner already mentioned 
as characteristic of the Zoantheae. In all living madreporarian corals 
yet studied the mesenteries and septa follow the hexameral polycyclic 
plan. However, in a paper recently y)ublished (/Inn. Mag, Nat, Hist., May, 
1902), I have given good reasons for concluding that living zoanthids are 
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closely related to the extinct group of corals known as the Rugosa of 
Tetracoralla. The increase of mesepteries in the rugose polyps must have 
followed exactly the method of increase characteristic of the zoanthids, 
except that in the former the additions took place within four of the 
six primary chambers or exocoeles, whereas in zoanthids new members are 
added within only two of the six primary chambers. I have also shown 
that the single stomodaeal groove or siphonoglyph of the zoanthid polyp 
finds its counterpart in the cardinal or ventral directive fossula of the 
rugose coral.* 

As the type of mesenterial increase represented in ordinary actinians 
and modern corals indicates a common ancestry for these two groups so 
I conclude that the zoanthids and rugosa had another common ancestry, 
that the zoanthids are the nearest skeletonless representatives of the 
stock from which sprung the skeleton-forming Rugosa. 

If this be the true relationship of the rugose corals we shall have to 
assume that the skeleton-producing habit has been acquired independ- 
ently by two groups of zoantharian polyps, the Hexacoralla and the 
Tetracoralla ; or, at any rate, that the two separated at the primary six-; . 
rayed condition. This double origin, however, is much more likely to hav^| 
taken place than that the Hexacoralla have been derived from the Tetra- 
coralla, as is frequently assumed. From a knowledge of the development 
and morphology of the two groups the zoologist can only conclude 
that their common ancestry is represented only as far as the primary stage 
with six septa and six pairs of mesenteries ; they diverge from this, that 
is, with the commencement of the metacnemic stage, along wholly dif- 
ferent lines of development. 

According to Zittel (1. c, p. 80) the distribution of the Tetracoralla 
in time is as follows: "The typical Tetracoralla are confined to the 
Palaeozoic rocks. They are unknown in the Cambrian, and make their 
first appearance in the Ordovician, where they are sparsely represented 
in North America and in Europe. . . . The period of maximum develop- 
ment falls in the Silurian, which contains the largest number of genera 
and species. . . . The Tetracoralla are not less conspicuous in the De- 
vonian. . . . According to Freeh, the genera Gigantostylis, Plna- 
cophyllum, and Coccophylluniy occurring in the Alpine Trias, belong to 
the TetracollaJ' 

No one disputes that the tetracorallid or rugose type of coral is wholly 
extinct to-day. Odd living forms have been described for which such 
affinities have been claimed (e. g. Moseleya, HaplopJiyllia, Guynia) but 
they have failed to justify expectations. Even the suggested extension of 
range of the group beyond the Palaeozoic into the Mesozoic is quite recent. 
' The zoanthids of to-day, therefore, find their nearest coral producing 
ancestors away back in Palaeozoic times. Though their relationship with 
the tetracorallids is not quite so close as that of the actinians with the 
hexacorallids yet the method of mesenterial and septal formation shows 
that they belong to a common stock, already differentiated to a certain 
degree in very early Palaeozoic times. Among the early faunae in the 
earth's history there must have been at least these two well defined 

* Impressed with this relationship it seems not too much to expect that forms of zoanthids may be 
met within which new mesenteries are added within four of the six primary chambers, instead of 
only two; and, on the other hand, I have sought for Tetracoralla in which new septa were developed 
in only two primary chambers, instead of four, though hitherto without success. 
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types of Actiniaria — zoaiilliids and tetracorallids, hexactinians and 
hexacorallids. 

As stated at the connnencenient the zoanthids flourish to-day only in 
the tropical seas, under conditions similar to those favorable for the 
growth of reef-building corals. A few species are met with in temperate 
waters, in the same manner as we find a few scattered species of corals, 
but they nowhere form the large incrusting colonies which they do in 
warmer seas. Like the reef-building corals, the skeleton— forming repre- 
sentatives of the zoanthids — the Rugosa — had in past geological times 
a much wider geographical range. The zoanthid iy\ye of coral flourished 
in Palaeozoic times, the hexactinian types of coral assumed predominance 
in Mesozoic times and has continued until to-day; the soft-bodied pol3'ps 
of both types still live in abundance in the warm tropical seas. 

Hitherto the study of fossil corals has shed no light upon the ancestry' 
of the third group of the Actiniaria, the Ceriantheae. It was hoped that 
among the many Palaeozoic Actinozoa some forms might have been dis- 
covered in which all the metasepta were added axlally, at only one 
region, as are the mesenteries in the cerianthids, but no such types have 
been encountered. Therefore, so far as present researches go, it must 
be assumed that the living cerianthids have no skeleton-producing repre- 
sentatives, living or fossil, thus differing in this respect from ordinary' 
actinlans and zoanthids which give us the hexacorallids and tetra- 
corallids. 

In all probability, however, the Ceriantheae date back beyond the 
Actiniae and Zoantheae, for in them the primary mesenteries (protoc- 
nemes) are represented by only four bilateral pairs, while in the two 
other groups there are six primary pairs. Of these six mesenterial pairs 
the four pairs corresponding with those of cerianthids are early com- 
plete, while the additional fifth and sixth pairs remain incomplete either 
throughout life or become complete only in the later stages of develop- 
ment. In any genealogical scheme of the Zoantharia one would place 
the cerianthids with four protocnemic pairs as the lowest members, and 
above these the actinians (hexacorallids) and zoanthids (tetracorallids) 
with their six pairs of protocnemes, the two latter groups separating 
with the commencement of the metacnemic stage. 
J. E. DuERDEN, Ph. D., Assistant Professor of Zoology, 
Zoological Laboratory, University of Michigan, 
Ann Arbor. 
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S. J. HOLMES. 



The response of Ranatra to light is very marked. When placed in a 
dish of water near a window or an artificial light, Ranatras persist in 
attempting to get as near the light as possible for a long time. If one 
of these insects is picked up and laid on a table it will remain motion- 
less for several minutes. Most of the experiments on these forms were 
carried on in. a darkened room, the only source of illumination being an 
ordinary incandescent light fastened to the end^of a flexible cord so as to 
be freely movable in any desired location. If the light is moved about over 
a specimen which is feigning death, the duration of the feint is much less 
than under ordinary conditions. If the light is passed back and forth 
over the body at right angles to its long axis, the head soon follows the 
light by rotating so that its upper surface is kept as nearly as possible 
perpendicular to the direction of the rays. If the light is passed back 
and forth over the body in a longitudinal direction, the head follows by 
bending down when the light is in front and by bending upward when 
it is behind. By passing the light around the animal in a circle the head 
follows by twisting around in a circle also. All these movements occur 
With a regularity and precision which is almost machine like. 

After responding to the stimulus of the light only by movements of the 
head, Ranatra rises rather awkwardly and begins to foliow the mo- 
tions of the lamp by swaying the body. When the light is passed across 
the long axis of the body the back is turned so as to be more nearly per- 
pendicular to the rays. These swaying movements are accompanied by 
bending the legs, the joints being flexed on the side toward the light and 
extended on the opposite side. When the light is held just behind the 
body the anterior end of the animal is raised high in the air and the 
head is upturned. If the light is placed in front the anterior part of the 
body is lowered and the head turned down. These movements are also 
very regular and precise. One may cause the animal to assume almost 
any attitude by holding the light in the proper position. 

Soon the animal begins to follow the light, at first by walking slowly 
and unsteadily, but later by moving more rapidly. After a while its efforts 
to go towards the light become positively violent; it shows no fear nor 
and tendency to action save the one overmastering phototactic impulse. 
S. J. Holmes, 

Zoological Laboratory, University of Michigan, 
Ann Arbor. . ' 
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CONTKIHl'TIONS TO THE KOTANY OF MICHIGAN. NO. 8.* 

O. A. FARWELL. 

Ophioglossaccw, 

The form of Botrycliium simplex that is found in Keweenaw county is 
the var. subeompositum Lasch, which has a pinnate sterile leaf of two 
or three pairs of lobes and is very rare. According to Prof. Underivood^s 
revision of the ternate group of this genus, B. matrieariaefolium A, Br. 
becomes B. neglectum Wood.; B. ternatum and the varieties australe and 
intermedium of the Manual become B. obliquum variety intermedium (D. 
C. E. ) Undericood and the vars. obliquum and dissectum are elevated to 
specific rank under these names; the var. rutaefolium becomes B. matri- 
carioi (Shrank) Spreng. 

There are two forms of B. matrieariaefolium ; the larger form, which is 
a foot or so high, has lar^e ovate, often ternate, sterile-frond that is 
twice pinnatifid or twice pinnate, the divisions or segments roundish or 
oblong and two or three crenately-toothed, or incised and corresponds to 
Botrychium ramosum (Roth) Aschers : it is the type of the species; the 
other form, B. neglectum Wood, is smaller; the sterile-frond is oblong, 
simply pinnate or pinnatifid with 3-5 pairs of roundish-ovate or oblong- 
ovate nearly equal lobes more or less crenate or toothed and may be 
designated as Botrychium ramosum (Roth) Aschers var. neglectum 
(Wood), The species is well represented by the figures of Britton and 
Brown (Illus. Fl. 1. 3. fig. 4), and of D. C. Eaton (Ferns of N. A. 1., PL 
17, f. 10) and the variety by f. 11., of the last-named plate. Both forms 
are found in Keweenaw county, but the var. is more frequent. B. Lunaria 
and B. lanceolata are occasionally found in company with B. ramosum 
and its variety, but are rare. B. Virginianum is the commonest species 
in Keweenaw county and is found everywhere in rich woods; the var. 
gracile (Ph.) D. C. E. is a very small form of the species and quite local. 

Polypodiacew. 

Cystopteris Filix-fragilis (L.) (Polypodum Filix-fragile Lin. Sp. PL 
1091, 1753) is common in moist, rocky situations in Keweenaw county. 
With the species is a form with a narrower frond and less cut segments ; 
scarcely bi-pinnate, pinnules narrowly decurrent, oval, obtuse, dentate; 
it may be known as C. Filix-fragilis (Lin.) var. tenuis (Mx.) (Nephro- 
dium tenue Mx. Fl. Bor. Am., 2, 269, 1803). It is frequent also in woods 
near Ypsilanti. 

Filix simulata (Davenp.) (Aspidium simulata Davenp.-Bot., Gaz., 19, 

"495, 1894), one of the shield ferns, is frequent on Belle Isle in the denser 

woods at the east end of the island. Its close ally, Filix Thelypteris (l.) 

(Acrostichum Thelypteris Lin. Sp. PI. 1071, 1753), is also found on Belle 

♦The preceding numbers were published in the Asa Gray Bulletin. 

*This article has been carried over from ''The Firth Report of the Michigan Academy of Soience." 
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Isle. Filix Filix-mas {Lin.) (Polypodium Filix-mas Lin. Sp. PI. 1090 
1753), the male- fern, so largely used as a vermifuge was collected in 
Keweenaw county in 1900. The small mountain spleenwort, Asplenium 
montanum Willd., was collected in Keweenaw county, along with A. 
Ruta-muraria L,, which is far out of the generally accepted range for 
this plant. In rocky sterile grounds in Keweenaw county the Athyrium 
Filix- foemina var. angustum {Willd,) {Aspidium angustum Willd. Sp. PI. 
V. 277, 1810,), is common. This is the long narrow form of the lady 
fern with rigid ascending pinnae. 

Equisetacew. 

Equisetum maximum Lam. (E. Telmateia Ehrh.) is very rare. I know 
of but one place where it is to be found. This is in an alder thicket 
and the ground is generally moist and of a rich muck. The sterile fronds 
in summer are often three feet high and have a spread of branches often 
measuring two feet. The locality is in Keweenaw county. 

Besides the normal E. arvense L. there are two other forms in Kewee- 
naw county, one with the upper part of the fertile stem perfectly normal, 
but with the lowest third or fourth green and with a few horizontal 
or ascending branches, is the variety riparium Mildly the other form has 
both the fertile and sterile fronds alike, green and much branched and 
is the variety campestre (Schultz) Milde. The varieties are not very 
common. 

E. pratense Ehrh. is rare; I have found it under evergreens in moist 
sandy soil, in Keweenaw county. 

E. palustre Lin. is frequent in the Upper Peninsula. 

E. fluviatile L. is common throughout the State ; another form with the 
branches bearing fertile heads is the variety polystachyum (BrUckner) 
(E. polystachyum Bruckner Fl. Neobrand. Prod. 63, 1803). 

E. hyemale var. ramigerum A. Br. is frequent in pastures, fields, etc., 
in Keweenaw county. 

Lycopodiacew. 

Lycopodium alpinum Lin-, and L. sabinjefolium Willd.y two very rare 
plants related to L. complanatum Lin. and sometimes united with it are 
found in Keweenaw county. L. complanatum Lin. and L. tristachyum 
Ph. are common in the pine regions of the Upper Peninsula. L. poro- 
philum Lloyd d Underw. is found growing over sandstone formations 
in Keweenaw county. Rare. 

Selaginellacew. 

Selaginella selaginoides (L.) Link is a very delicate plant an inch or 
so high, resembling some of the liverworts ; it is occasionally found on 
the mossy banks of some cold streams. I have it only from Keweenaw 
county. 

Coniferw. 

Picea brevifolia Peck is frequent in the sphagnous bogs of the Upper 
Peninsula. 

Juniperus Sibirica Burgsd. is the only form of the "common juniper" 
in Keweenaw county. One plant of the J. Sabina var. procumbens Ph. 
26 
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<;overs considerable ground on the top of a ridge of ground near Rochester, 
which is considerably south of its generally accepted range. 

Sparganiacca^. 

Sparganiuui simplex Huds, var. Aiuerlcanum (yutt,) (S. Americanutn 
Nutt. Gen. 2, 203, 1818; S, simplex var, NuttalUi Engelm.) seems worth/ 
of recognition; it has the heads truly axillary while the type has them 
«upra-axillary. The number of localities are rare in Keweenaw county, 
but the plant is rather plentiful in each place where it occurs. 

Potamogetonucetr. 

Potamogeton Zizii Roth, Orion Lake. Frequent. 
Potamogeton diversifolius Raf. Keweenaw county. Rare. 

GvainineiV. 

Panicum Crus-galli L., the common barnyard grass occurs in three 
well defined forms which were well outlined by Pursh. The tyi)e is a 
tall smooth grass growing on ballast and in waste places; the flower- 
ing glumes are all short atcned. Var. mite Pursh {Var. muticum Ell.), 
is a lower plant, very often prostrate, green or yellowish throughout 
:and with acute or muticous not awned glumes. Yar. purpureum Ph., 
is an intermediate form with purplish spikes having the flowering glumes 
mucronate or a scattering few long-awned. Another fonn var. Walteri 
(Ph.) 0, A. F,, is found near the Water Works Park at Detroit and in 
various other parts of the State ; it differs from the type in having sheaths 
papillose-hispid. The last named variety appears to be truly indigenous ; 
the other two varieties seem to be introductions. 

Panicum boreale ISlash, is frequent in Keweenaw county and probably 
throughout the State. With the preceding, but much more common la 
P. implicatum Scribn, The former is found along the borders of woods 
and in copses; the latter in swamps. 

Ohetochloa Italica (Lin.) Scrihn, var Germanica (Mill) Scribn,, a 
form of the Hungarian grass, is not uncommon in waste places at Detroit. 

Phleuni alpinum Lin,, the Mountain Timothy is scarce. The only place 
I have found it is at Mt. Houghton near the northern end of the Kewee- 
naw Peninsula. 

Sporobolus cuspidatus (Torr,) Wood, was collected in the crevices of 
rocks on bluffs near Clifton in 1895. It is rare. 

Agrostis stolonifera Lin, var. minor (Tasey), (Agrostis alba var, 
minor Vasey, Con., U. S., Nat. Herb., 3, 78, 1892), is not uncommon in 
Keweenaw county, where it seems to be indigenous. The var. varia 
{Host) Muel, is frequent in Keweenaw Co. also and probably native. There 
are three forms of A. hyemalis (Walt,) B. S, P, The type, which grows 
in meadows, pastures, swamps, etc., is often two or tliree feet high witk 
the large, open, capillary panicle often over a foot long, the branches pur- 
plish and scabrous; leaves short, flat, narrow, some of them involute. 
A dwarf caepitose variety three to six inches high with a short con- 
tracted oblong or linear panicle an inch or so in length and with in- 
volute leaves is found on rocky bluffs at Clifton, Keweenaw county. It 
may be known as Agrostis hyemalis var. oreophila (Trin,) ; this is the 
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Arichodium montanum Torr., which according to A. Gray is A, orcophila 
Trin. Another form is rather rigidly erect, about a foot high, pale and 
more or less glaucous, with broad flat leaves and a short linear, con- 
tracted panicle about two inches long. It may be known as Agrostis 
hyemalis var. Keweenawensis. It probably is Torry's A. laxi ora var, 
tenuis. It is found on the rocky shores of Lake Superior within influence 
of the spray. 

Avena safiva Lin,^ the cultivated oat is an escape throughout the State 
and probably deserves to be ranked as adventitious. The two native 
species, A. Smithii T, C. P. and A. striata Mx, are common in the woods 
in the copper district. 

Eatonia nitida (Spreng) Nash, is sparingly found on sandy hillfe near 
Orion. 

Poa glauca Yahl,, P. nemoralis L.j and its var. firmula Host, are spar- 
ingly found on rocky shores and on rocky bluffs in Keweenaw county. 

P. autumnalis Mulil, is sparingly found in woods at Rochester. 

Panicalaria pallida i^Torr.) 0. K. var. flava (Scrilm.). (Glycera flava 
Scribn. ) A robust form of the species frequent in spliagoum in Keweenaw 
county. It has broad, flat leaves, two to four lines wide, and a very large 
ovate or oval panicle, 7-9 inches in length, with the branches ia 3's-5's; 
spikelets longer and broader than in the species. 

It seems to me that the grass referred by Dr. Beal to Festuca rubra 
subsp. heterophylla is more properly a form of F. ovina Lin,^ approach- 
ing the var. polyphylla Vasey more nearly than any other form. It can 
not be of F. rubra as it is not stoloniferous. F. ovina Lin, occurs at 
Detroit and its variety duriuscula (L.) Hack occurs at Rochester. 

There are numerous forms of couch-grass and wheat-grasses in Michi- 
gan. Agropyron repens (L.) Beauv, and its var. nemorale Anders I have 
collected in Keweenaw county. Other species and varieties of this genus 
that are found in the Upper Peninsula are. 

A. pseudorpens S, d S., rocky places in Keweenaw county and at Mar- 
quette; A. Smithii Rydh,, Keweenaw county, also in Detroit; A.\/ 
dasystachyum (Hook.) Vasey and its var. subvillosum S. cG )8(^. in Kewee- 
naw county; A. violaceum (Hornem) Vasey, ^ A. tenerum Vasey, and A. 
Richardsonii Schrad^, are also found in Keweenaw county together with 
A. spicatum (Ph.) Rydh. and its variety inermis {S, d S.) Heller, 

Triticum sestivum Lin,^ the common wheat, and its var. hybernum (L.) 
0. A, F,, the bearless wheat, have escaped in Keweenaw county and doubt- 
less in other localities. They should, perhaps, be classed as adventive. 
The barley, Hordeum vulgare Lin^y is not as frequently met with as the 
wheats. 

Gyperacece. 

Eleocharis ovata (Roth,) R. & S,, has recently been divided and E. 
obtusa (W.) Sch(ultes has been restored to specific rank; the former I 
have collected in Keweenaw county, but it is rare; the latter is the com- 
mon species throughout the State. 

Britton's variety pallidus of Scirpus atrovirens Muhl, occurs in the 
copper regions and probably throughout the State. 

Eriophorum cyperinum Lin,^ the wool-grass occurs but sparingly in 
the , copper district where the principal form is the var. atrocinctum 
(Fernald) 0, A, F, Another variety, about as rare as the species, is 
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the var. barchypodum (Fernald) ; (Scirpus atrocinctus v. hrachypdus 
Fernald. Pro. Amer. Acad. Arts and Sci., 34, 502, 1899). E. polystachyon 
Lin. and its var. latifoliuni (Hoppe) A. Gr, are frequent in bogs. The 
copper-colored cotton-grass E. Virginicum L. and its albino variety, 
the var. album A. Gr. also occur in bogs. E. gracile Koch and its var. 
paucinervium Engelm. are common in swampy and marshy grounds, but 
the species is much rarer than the variety. 

Rhynchospora capillacea Torr, var. Iteviseta E. J. Hill, is frequent in 
swamps at Orion. With this is the rare nut rush, Scleria verticillata 
Mvhl. 

C. rostrata Stokes var. ambigcns Fernald. To this variety unquestion- 
ably belongs certain ambiguous forms which I at first referred to C 
monile, but later intended to describe as a variety thereof. This variety 
is probably a hybrid between C. utriculata and C. monile. Other forms 
with the terminal spike, oftentimes very slender and nearly all pistil- 
late, and other spikes very loosely flowered and generally long and fili- 
formly peduncled, may be known as Carex rostrata Stokes var. Cliftonii. 
It was collected in a peat-bog near Clifton. It is a form of the species 
that corresponds to the C. -vesicaria L. var. monstrossa (Bailey) (C. 
monile var. monstrossa, Bailey Mem. Torr. Bot. Club, 1, 40, 1899), to 
which variety I refer similar Keweenaw forms of 0. vesicaria found 
along the banks of streams. 

C. Hartii Dew. is a form of C. retrorsa having scattered spikes tv^ith 
spreading perigyuia ; Keweenaw county, along the banks of streams, rare. 
Carex hystericina Muhl. var. Cooleyi Dew. is a well-marked form and 
should be recognized. I have it from Keweenaw county and Belle Isle ^ 
in Detroit R. C. typhinoides Schw. is a form that has not generally 
been considered to be distinct from C. squarrosa Lin. I have it from 
Detroit; also a specimen from Hubbardston, collected by C. F. Wheeler 
and distributed as C. squarrosa. 

C. stricta Lani. var. strictior (Detv.) A. Gr. as it occurs in the copper 
district is easily separated from the species and is even more distinct 
than the var. angustata (Boott) Bailey. It should be recognized. In 
studying some specimens of this species collected in Keweenaw county in 
1900, I found a few specimens of both C. aquatillis Wahl, and C. lenticu- 
laris Mx., intermixed. C. formosa Dew. is frequent in woods near Birm- 
ingham. C. aurea Nntt. var. androgyna Olney may perhaps be pressed 
into service for a form of this species growing in moist, grassy places ; 
it has long weak reclining stems, about a foot long, with longer, more 
scattered spikes more slenderly pediceled, the lower often drooping and 
the terminal pistillate at summit. Whole plant green. NuttaVs species 
is the common rigid form from two to six inches in height, yellowish 
in appearance, with approximate spikes and is most frequent in moist, 
sandy or rocky places. C. Richardsoni R. Br. is found on sandy hills 
near Orion, but is quite rare. Carex alopecoidea Tuckerm. was collected 
in the valley of the Huron near Ypsilanti. It is one of our rare carices. 
The old C. stellulata of^our manuals has been revised and the forms are 
now C. stellulata Good, common throughout the State; var. excelsior 
(Bailey) Fernald in woods and in peat bogs in Keweenaw county; var. 
cephalantha (Bailey) Fernald, on moist banks and borders of streams 
in Keweenaw county ; var. angustata Carey is frequent with the preced- 
ing. The first two varieties are taller ana more slender tJian the species. 
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€. interior Bailey is, another form common in wet soil throughout the 
State. C. canescens var. disjuncta Fernald and the var. subloliacea 
Lwstad are frequent in Keweenaw county. C. Muskingumensis Schw. is . 
common in moist woods near Ypsilanti and on Belle Isle. C. Crawfordii 
Fernald and its variety vigens Fernald^ are frequent in Keweenaw county. 
C. tribuloides Wahl. var. turbata Bailey is a rare form of the species with 
club-shaped spikes on the banks of the Montreal R. in Keweenaw county. 

Juncacece, 

The plant that has long passed as Juncus effusus L. is the form which 
that author made his var. B. in the Sp. PI. of 1853 ; the type of the Lin- 
nean species is the plant that is better known as J. arcticus Willd.; the 
var. B. (J. effusus Am, Authors) should be known as J. communis C. A. 
Meyer. 

J. communis (7. A, Meyer var. pseudoconglomeratus (J. effusus var. 
congolomeratus Englm. mostly not J. conglomeratus Lin.). This is the 
form with a sessile, compact, globular inflorescence and constituted the 
greater part of Engelman's var. conglomeratus. 

J. bufonius L. var. hybridus (Brot.). This is the dwarf form with 
the flowers crowded at the ends of the branches and is Engelman's 
var. fasciculatus. 

J. tenuis Willd. has been split up into several species and varieties by 
Mr. Wiegand. We have the J. tenuis Willd. J. Dudleyi Wieg.y J. interior 
Wieg., and J. occidentalis (Coville) Wieg. The first two I have collected 
at Detroit and in Keweenaw county ; they are probably common through- 
out. The third is not common around Detroit in vicinity of Palmer Park, 
and the last is rare in Keweenaw county. J. Canadensis J. Gay, var. 
brachycephalus^it^reZm. is common at Orion, and the variety brevicauda- 
tus Engelm. is common in Keweenaw county. 

LiliacecB. 

The Tulipa Gesneriana lAn., the common tulip, has escaped near Ypsi- 
lanti ; it probably should be classed as adventive. Ornithogalum nutans 
Lin., the so called Star-of-Bethlehem, has escaped near Ypsilanti. Muscari 
botryoides (L.) Mill., the grape hyacinth, is frequent in woods and along 
fences near Ypsilanti. 

Amaryllidaceije. 
Narcissus Poeticus Lin., is an escape near Ypsilanti. 

Orchidacew. 

Recent revisions of Orchidaceous genera show that the Keweenaw 
plant I referred to Peramium repens (L.) Salish. is not the type as sup- 
posed but the var. ophioides (Fernald) Heller.; and that the P. pubescens 
(Willd.) MacM. includes also the P. tesselatum (Lodd) Heller. The 
latter is the more common and I have collected it at Ypsilanti and 
near Orion. 
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Salicacea\ 

Salix alba Lm. is occasional ou shores of Orion Lake. 

Salix liuniilis Marsh, var. Keweenawensis. A low form growing 
amongst rocks. Young leaves rotund, mature broadly obovate, densely 
tomentose; resembling those of S. Xutallii Sarg, (8. flavescens Nutt.)> 
but broader. Keweenaw county. 

S. argyrocarpa Anders,, a small shrub, about six inches high, with 
oblanceolate leaves, silvery-silky underneath, was collected in Kewee- 
naw county in 1889. It was found growing in the crevices of rocks on 
bluffs. Kare. 

S. cordata Muhl, var angustata (Ph,) Anders.^ is frequent at Detroit 
' and Y'psilanti. It is the form with narrow leaves tapering to an acutish 
base. 

Salix pentandra Liii, near Rochester. Frequent in swamps and bears 
fruit in September. 

Casta7icaccw, 

Quercus rubra Lin. var. borealis (J/.r. f,) (Quercus horcalis Mx. f. N. 
Amer. Syl. 1, 98, 1819; Q, atnhigua Mx. f. Hist. Arb. Am. 2, 120, pi. 24, 
1812 not Humb.). This is the northern form with the leaves of ordi- 
nary Q. rubra and the fruit of Q. coecinea, that is, with a hemispherical 
or turbinate cup. Common in the Upper Peninsula, where it becomes 
an extremely large tree in the valleys or a bushy shrub or small scraggy 
tree along rock ledges. 

Quercus acuminata var. Alexandri. A large tree 100 to 125 feet in 
height and from two to live feet in diameter; bark gray, deeply fur- 
rowed, one and one-half to three inches thick, leaves obovate, oblong, 
or lanceolate, crenately toothed, the teeth with a very short, blunt 
mucro; thinner and more papery than in the species; lighter green. 
Flowering and fruiting two or three weeks later. Fruit smaller, May 
and June, acorns ripe in November. Sweet. Edible. Once very ex- 
tensive in Oatland county, bu^ rapidly disappearing through the de- 
mand for it as lumber. Named in honor of the discoverer, Mr. S. Alex- 
ander of Birmingham. Perhaps a hybrid between Q. acuminata and Q. 
platanoides. 

Arisfolochiaccw. 

Asarum rettexum BicJoicll occurs at Birmingham and on Belle Isle; 
the var. ambiguum Bickn,, in Keweenaw county; A. acuminatum Bickn. 
Is also frequent in Keweenaw county; A. canadense Lin, occurs at 
Detroit. 

Aristolochia macrophylla Lmn, 1 collected near Ypsilanti. It may 
have been an escape from cultivation. 

Polygonaceiv. 

Rheum Rhaponticum Lin, The rhubarb or pie-plant is an escape from 
cultivation in places in Keweenaw county and near Ypsilanti. 

Polygonum viviparum Lin,, the Alpine Bistort, with more or less of 
the flowers replaced by bulblets, is occasionally found on rocky shores 
of Keweenaw Point. There are two forms of Polygonum amphibium Lin. 
One is a comparatively simple plant with few branches and short-petioled 
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leaves, glabrous and shining above and purplish beneath; elliptical or 
oval-lanceolate, an inch or less wide by four or five long and acutish at 
both ends, floating. Spike ovate. This may be considered the type. 
Floating in shallow water, Keweenaw county. Not common. The other 
form is a coarsely branched plant with stems often ten or twelve feet 
long and with long-petioled, mainly cordate-ovate leaves and a cylin- 
drical spike. It may be known as Polygonum amphibium L. var. coc- 
cineum (MuhL) (P. coccineum Muhl. in Willd. Enum. 1,428, 1809). P. 
incarnatum ElL is frequent in Keweenaw county and also on Belle Isle. 
P. hydropiperoides Mx, var. Macounii Small is frequent at Orion, Mich. 

Cheiiopodiacew, 

Atriplex hastata Lin, is common at Detroit and Ypsilanti; it has 
triangular halberd-shaped leaves; erect or diffusely spreading. 

Var. patula {Lin,) A, patula Lin. Sp. PI. 1053, 1753.) This form 
is intermediate between the species and the following variety ; the leaves 
are lanceolate-hastate or with a short lobe on each side near the base; 
prostrate. Common at Detroit. 

Var. littoralis (Lin,) (A, littoralis Lin. 1. c. 1054). Erect with linear- 
lanceolate, entire leaves. Keweenaw county in clayey soils. Rare. 

Canjophyllacew. 

Cerastium semidecandrum Lin, was collected near Clifton, in August^ 
1898. Only a few specimens were seen. 

Arenaria serpyllifolia L. var. tenuior Koch, a very slender, delicate 
form, is found in woods near Copper Harbor. 

Ranunculacew, 

Aquilegia vulgaris Lin,, the common purple columbine of the gardens, 
has escaped in places. 

Cruciferw, 

Braya humilis {Meyer) Robinson was collected at Co]f)per Harbor in 
July, 1895. An occasional specimen may be found in crevices of rocks 
along the lake shore, but it is very rare. 

Erysimum inconspicuum {S. Wats,) MacM, yar. syrticolum {Shel- 
don), {E, syrticolum Sheldon, Bull. Torr. Club, 20, 285, 1893), differs 
from the species in its more robust habit, paler pubescens, and stigma 
more evidently two-lobed. Reported from Keweenaw county as E. par- 
viflorum. 

Rosacew, 

Prunus cuneata Raf, is frequent along the rocky shores of Keweenaw 
county. 

Rubus Canadensis Lin, {R, Millspaughii Britton) is common in Ke- 
weenaw county. 

Other species, according to the recent revision, that are frequent in 
the Lake Superior district are Rubus frondosus Bigel.; R. argutus Link.; 
R. procumbens Ph,, {R, Canadensis Am. Authors non Lin.) ; R. Bailey- 
anus Britt. (also common in and around Detroit) ; and R. nigricans, 
Rydh,; R. Ensleni Tratt, is frequent near Rochester and Detroit. 
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Pomacew. 

Anielancliier spicata (Lam.) D, C. This species of June-berry is fre- 
quent in Keweenaw county, as are also the other five eastern si)ecies. 
It is frequent also on hills near Orion. 

Crataegus brevispina (DougL) 0. A. F. is common in Keweenaw 
county. 

C. coccinea Lin., a low bushy shrub or small tree, is frequent at Mar- 
quette. C. borealis Ashe, a low shrub on rocky bluffs, is common in 
Keweenaw county. 

Geraniacece. 

Geranium Bicknellii Brit, is common throughout the State, as is also 
G. Carolinianum L. 

Anacardiacece. 

Rhus glabra L. var. borealis Britton is a form of the red op scarlet 
sumach with the inflorescence and sometimes the foliage pubescent. 
Common in Keweenaw county. 

YitacecK, 
Vitis rotundifolia Mx, Near Rochester. Rare. 

Yiolacew. 

Viola cucullata Ait. and Y. obliqua Hill., formerly considered as one 
species, are now held to be distinct. Both are frequent in Keweenaw 
county. 

V. papilionaceae Ph., also separated from V. cucullata, is not rare in 
Keweenaw county and throughout the State. 

(hiagracew. 
(Enothera linearis Mx. Ypsilanti. Rare. 

Umhelliferce. 

Conioselinum Chinense (Lin.) B. S. P., the hemlock-parsley, is fre- 
quent in woods near Rochester. 

Ericacew. 
Vacciniuni corj'mbosum Ldn. In woods at Rochester. 

Gentianacece. 

Gentiana Saponaria Lin. The soapwort gentian is not uncommon 
near Rochester. 

CaprifoUacece. 

Triostetum aurantiacum Bicknell. A recently described species of 
horse-gentian. Frequent at Birmingham. 
Lonicera Sullivantii A. Gr. Keweenaw county. Rare. 
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Compositw. 

Aster macrophyllus Lin, var. excelsior Burgess. Rocky woods in Ke- 
weenaw county. Frequent. 

A. marcrophyllus Lin. var. velutinus Burgess is a less glandular form 
of the species with the pubescens more velvety. Njsar Rochester. 

A. Lowrieanus Porter is frequent near Rochester. 

Antennaria neodioca Greene. Keweenaw county. 

A. Farwellii Greene. Keweenaw county; Mackinac Island. 

A. Canadensis Greene. With the last. 

Polymnia Canadensis L. var. radiata A. Gr. Rochester. 

Ambrosia psilostachya D. (7.y the western ragweed, was found spar- 
ingly in Keweenaw county in August, 1902. 

Rudbeckia hirta Lin. var. pulcherrima. A form that differs from the 
species only in having a part of the upper surface of the ray, or even the 
whole upper face, brown-purple. Detroit. 

Heilanthus giganteus L. var. subtuberosus (Bourgeau) Burgess. This 
is a form with edible tuberous roots and mostly opposite leaves. Bir- 
mingham and Rochester. 

H. Maximillani Schrad. Frequent in the Lake Superior district of 
Michigan and has sometimes been collected on ballast at Detroit. 

Artemisia Stelleriana Bess., is an escape from cultivation. 

Senecio discoideus (Hk.) Britt. The common ragwort' or squawweed 
of the copper district. 

Taraxacum erythrospermum Andr. A form of the dandelion with 
red-brown achenes. Detroit. Common. 

Lactuca pulchella {Ph.) D. C. This is a large blue-flowered lettuce 
with elongated lanceolate, mainly entire, leaves. Frequent in Keweenaw 

county. 

» 

ADDITIONS AND CORRECTIONS TO THE FLORA OF DETROIT. 

Polypodiacew. 

Filix spinulosa var. dilatata (Hoffm.) Polypodium dilatatum Hoff. 
Deutsch. Fl. 2, 7, 1795. This variety is quite frequent in the woods on 
the upper part of Belle Isle. 

Equisetacew. 

Equisetum arvense var. nudum (Milde) (E. arvense campestre nudum 
Milde Denkschr. Schles, 186, 1853; E. arvense campestre macrosta- 
cnyum A. A. Eaton Fern Bulletin 87, 1999). This is a form of the species 
growing in moist grassy places with a perfect fruiting head and only a 
half dozen or less scattered sterile branches about the center of the 
fertile stem. The fertile stem is rare but the sterile is very common, 
having the lower half unbranched; the lower part of both is reddish. 
Belle Isle. This was listed in the "Flora" as E. pratense. 

E. arvense L. var. decumbens Meyer is a form with a prostrate sterile 
frond growing on sand banks. 

E. arvense L. var. nemorosum A. Br. is a very large form growing in 
shade along the borders of woods, etc., with the lower part of the sterile 
stem generally unbranched. The branches are horizontal or ascending 
with drooping tips. 
27 
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E. fluviatile Lin. var. limosum (Lin,), (E, limosum Lin. Sp. PI. 1062, 
1753), differs from the species in having the fertile stem nnbranched. It 
usually prefers dryer situations. In sandy grounds covered with a 
sparse growth of grasses, etc. 

E. hyemale Lin, is frequent in swales near Palmer Park. 

TypMcece, 

Tyha angustifolia Lin., the small cat-tail, is not common within the 
city limits but is very plentiful along the borders of Lake St. Clair. 

Pota7noget07iace€e, 

Potamogeton lonchites Tuckerm, occurs in the Detroit River. 

Potamogeton rutilus Wolf was found at the foot of McDougall Ave. 
two or three years ago but since that time the slip where it grew has 
been filled in. Doubtless it occurs in other localities. 

Graminew. 

Zea Mays Lin. Wild corn may occasionally be found in waste places 
and in unimproved lots. I have collected it on Belle Isle. 

Paspalum Muhlenbergii Nash. This is one of the new species that has 
been carved out of P. ciliatfolium Mx. It is frequent along fence rows 
and clusters of shrubs. 

Panicum Crus-galli Lin. var. muricatum (Mx.) (P. muricatum Mx. 
Fl. Bor. Am. I. 47, 1803). This is a small and rare form of the species 
not over a foot in height (usually not over six inches) with simple, erect 
culms and few-flowered spikes that bear a striking resemblance to those 
of a Cenchrus, for which it is apt to be passed by. 

P. Crus-galli var. grandiflorum Doell. (Echinochloa longeariatata 
NaaJi). This form is frequent along the shores of Belle Isle and is undoubt- 
edly indigenous. It has very long flexous awns which, when mature, are 
usually of a purplish tinge. 

P. flexile (Gatt.) Scribn., one of the many forms of P. capillare that 
have been raised to specific rank, is frequent on Belle Isle. 

Agrostis stolonifera Lin. var. Gaudini Muel. (A. gigantea Gaud. A. 
sylvatica Host.) is frequent on Belle Isle; also the var. diffusa (Host.) 
{Agrostis diffusa Host. Gram. Austr. 4. t. 55, 1809). 

Brachyelytrum erectum (Schreh.) Beauv. is frequent in the woods at 
Palmer Park. 

Panicularia fluitans {Li7i.) 0. K. is sparingly found along the water 
courses. 

Festuca ovina Lin., the Sheep's- Fescue, is frequent in fields. 

Hordeum nodosum Lin., the Wild Barley, is occasionally met with in 
low, moist, grassy situations. 

Cypcraccw. 

The different forms of swamp grass or sedges that have been found in 
or around Detroit during the past two years are as follows. They 
abound in moist or swampy grounds : 

Cyperus esculentus Lin. 
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Cyperus refractus Engelm. 

Eleocharls Engelmanni Steud. 

Scirpus fluviatilis {Torr.) A. €hr. 

Carex intumescens Rudge, var. Fernaldi Bailey. 

Carex liystricina MuM- 

Carex rostrata Stokes var. utriculata (Boott,) Bailey, 

Carex lurida Wahl. var. flaecida Bailey. 

Carex aquatilis Wahl. 

Carex aquatilis Wahl. var. epigeios Lwst, 

Carex Pennsylvanica Lam. var. leueorum (Willd.) Fernald. 

Carex Sartwellii Dew. 

Carex cephaloidea Dew. 

Carex tribuloides Wahl. var. Bebbii Bailey. 

Carex mirabilis Dew. var. perlonga Fernald. 

Carex straminea Willd. var. echinodes Fernald. 

Carex tenera Detc. 

Lemnacece. 

Lemna perpusilla Torr. almost covers a small pond in Palmer Park. 

Commelinacece. 

Commelina coelestis Willd. is sparingly met with near old gardens as 
an escape from cultivation. 

Juncacew. 

Juncus tenuis has been revised by Mr. Wiegand and instead of J. 
tenuis and its var. secundus we now have : 
Juncus tenuis Willd. 
Juncus Dudleyi Wieg. 
Juncus interior Wieg. , 

Liliacece. 

Zygadenus elegans Ph. occurs sparingly in low grounds near the 
Water Works. 

Orchidacece. 

■ Cypripedium hirsutum Mill is rare in moist woods. Associated with 
this and equally rare is Corallorhiza multiflora Nutt. 

Salicacew 

4 

Salix fluviatilis becomes S. interior Rowlee. 

Populus alba Lin. var. canescens Loudon and P. dilatata Alt, are 
largely cultivated as shade trees and are inclined to persist as escapes 
^rom cultivation. 

A risto lochiacece. 

Acarum reflexum Bickn. occurs in the woods at the upper end of Belle 
Isle. 

Aristolochia Serpentaria Lin. was found in dry woods at the east end. 
It was very scarce. 
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Polygonacece. 
Polygonum duiuetorum Lin. is sometimes met with along fence rows. 

Chenopodiacew. 

Corispermum hyssopifolium Lin. is largely cultivated as an ornamental 
plant and is met with occasionally as an escape.^ 

Amaranthacece. 

Acnida tamariscina (Nutt.) Wood, var. tuberculata (Moq.) U. d B. 
and variety concatenata (Moq.) U. d B. were collected on the shores of 
Belle Isle during the summer of 1900. 

Ranunculacece. 

Anemone riparia Fernald^ recently separated from A. Virginiana, is 
frequent at Detroit and Rochester. 

Cruciferw. 

Sisymbrium altissimum Lin., a bad weed in cultivated fields, is mak- 
ing its appearance near Palmer Park. 

Rosacew. 

Spira?a alba Du Roi. This is the S. salicifolia of the *Tlora." Accord- 
ing to Ascherson and Graebner the S. salicifolia is European and does 
not occur in America. 

Spiraea alba Du Roi. var.. lanceolata (T. d G.) A. d G. is frequent at 
Detroit. 

Porteranthus trifoliatus (Lin.) BHtt. Indian Physic. Fields at De- 
troit. Rare. 

Fragaria Canadensis Mx. is frequent in fields. 

Rubus nigricans Rydh. and R. Ensleni Tratt are more or less frequent 
at Detroit and vicinity. 

Agrimonia striata Mx. (A. glabra (Muhl.) Bicknell) is frequent on 
Belle Isle. 

Crataegus Oxycantha Lin.y the English Haw or Hawthorn, is an occa- 
sional escape from cultivation. 

Crataegus prunifolium (Marsh.) Pers. is one of the Cokspur group of 
thorns that is frequent on Belle Isle. It has usually been confused with 
C. Crus-Galli. 

The C. coccinea enumerated in the ^*Flora" is probably C. pastorum 
G. 8. Sarg. and the C. mollis is C. sera C. 8. 8arg., C. altrix Ashe, and 
C. nuperia Ashe. The C. macracantha is C. gemmosa G. 8. 8arg. 

Prunus Americana Marsh, var. nigra (Ait.) Waug. is frequent on 
Belle Isle and the var. mollis T. d G. is occasionally seen in sparse 
thickets. 

Prunus Mahaleb is cultivated as a shade tree and seems to have become 
established. 
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Leguminosw. 

Apios Apios (Lin,) MacM., the Ground-nut or Indian Potato, is quite 
frequent in places at Detroit. The tubers are edible. 

Oxalidacew. 

Oxalis corniculata Lin. var. Dillenii (J acq.) Trelease (0. stricta 
Small not Lin.) is frequent on Belle Isle. 

Polygalacew. 

Polygala Senega Lin., the Seneka Snake root of commerce, is frequent 
in the vicinity of Palmer Park. 

Aceracew. 

Acer Negundo Lin., the Box-Elder, and Acer Saccharum Marsh., the 
Sugar Maple, are frequent in places and on Belle Isle. »The former is 
also a well known shade tree. 

Malvacece. 

Althaea rosea Cav. is occasionally seen beyond the limits of cultivation 
and appears to be adventive. 

Violacece. 

Viola pedata Lin. is occasionally seen in dry fields at or near Detroit. 

Cornacew. 

Cornus Amomum Mill., the Kinnikinnik of the Indians, is frequent at 
Palmer Park. 

Ericacew. 

Gaultheria procumbens Lin., the Wintergreen, is frequent at Palmer 
Park. 

Primulacew. 

Anagallis arvensis Lin., the Poor-Man's Weather Glass, is occasionally 
seen on waste grounds. 

Apocynaceaa.. 
Apocynum Milleri Britt. is frequent in fields at Detroit. 

Asclepiadacew. 

Ascerates virdiflora (Raf.) Eaton and A. Floridana (Lam.) Hitchc. 
are occasionally seen. 

Polemoniacece. 

Phlox paniculata Lin. is sometimes seen beyond the confines of a gar- 
den. 



i 
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Vcrhenacece, 
Verbena stricta Vent, may be met with in waste places. 

Laiiatw, 
Monarda media Willd. is occasionally met with near the eastern limits. 

Scrophulariacew. 
Pentstemon canescens Britt, is frequent on Belle Isla 

Acanthacew, 

Ruellia ciliosa Pursh is an occasional find in the vicinity of Linden 
Park. 

Caprifoliacew, 
Diervilla Diervilla (Lin,) MacM, is an occasional find at Palmer Park. 

Composit(v, 

In place of Vernonia gigantea we have the following: 

Vernonia glauca (Lin,) Bt'itt, 

Vernonia maxima Small, 

Vernonia fasciculata Mjc, 
. Vernonia interior Small, 

Solidago juncea Ait, is an occasional find near Linden Park. 

Asters are frequent in old fields and waste places. The following addi 
tions should be noted : 

Aster paniculatus Lam. var. simplex (WilUL) Burgess, 

Aster Faxoni Porter, 

Aster lateriflorus (Lin,) Britt, var. glomerellus (T. d G,) Burgess. 

Aster lateriflorus (Lin,) Britt, var. pendulus (Ait.) Burgess. 

Aster miser Lin, (A, foliolosus Ait,) 

Aster miser Lin, var. vimineus (Lam.) (Aster vimineus Lam. Encvcl. 
1,306,1783.). 

Aster exiguus (Femald) Rydh, 

Anthemis arvensis Li7i,, the Roman Chamomile, is frequent at Palmer 
Park. 

Senecio aureus Lin, var. gracilis (Pursh,) Britt, ^ a slender form of the 
Life-root, is frequent at Linden Park. 

Picris hieracioides Lin, is a rare plant occasionally found in waste 
places. 

Taraxacum corniculatum (Kit,) 7). C. (T, erythrospermum Andr.) is 
common in fields at Detroit. It is a form of the Dandelion with red seeds. 

Lactuca pulchella (Ph,) D. C, var. heterophyllum (Nutt.) This is a 
form of the species with broader and shorter, mainly runcinate-pinnati- 
fid leaves and is the Mulgedium heterophyllum Nutt. Trans. Amer. 
Phil. Soc. (N. S.) vol. 441, 1841. 
O. A. Farwell^ 
Detroit. 
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